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Fire Prevention 
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The Control of Fires Through Scientific Methods 


In recent years much has been said and written in 
this country regarding the conservation of resources, 
and there is general unanimity of opinion that con 
servation is vital to the future welfare of the nation 
In the United States, property to the value of 250 
million dollars is. on the average, annually consumed 
by fires. This is absolute waste. Nothing is pro- 
duced. If we cut our woodlands for lumber and paper 
we at least have something as a product, but the heap 
of ruins left by a conflagration is waste of the most 
extravagant and useless sort 

For many years the scientific method of fire pre 
vention has been applied in a selected class of manu- 
facturing properties. The result has been a reduction 
in fire loss to but a few cents per year for each $100 
of value in these properties The work thus carried 
on has broadened with the growth of the country until 
it now includes a large percentage of the best manu- 
facturing plants. It is one of the oldest and most 
successful examples of the conservation of resources. 

About seventy-five years ago Mr. Zachariah Allen, a 
cotton manufacturer of Rhode Island, conceived the 
idea of materially reducing fire costs and interested 
a number of other manufacturers in a plan for 
mutually sharing losses. Self-interest encouraged care 
and secured the intelligent co-operation of all who 
joined in the plan. Attention was early given to 
causes of fires and to means of preventing them, and 
this was the starting point of what now has become 
the important specialty of fire protection engineering. 

In a memorial published at the time of his death 
it is stated that he was the original inventor of the 
automatic cut-off valve for steam engines, undertook 
and carried out the first systematic measurement of 
the Niagara River over its great falls, traveled in this 
country and abroad, and had a keen appreciation of 
the resources of America. He was one of those men 
who get out of the ordinary ruts and who really 
originate and carry out ideas In this memorial ap- 
pear letters from many prominent men, including 
President Rogers of the Institute. 

The early textile mills.in this country generally had 
heavy brick or stone walls and substantial plank 
floors. They were frequently of five or six stories in 
height, and had steep roofs, often covered with 
shingles. The usual power was water wheels. They 
were heated by wood stoves and lighted by whale-oil 
lamps. The cotton and greasy wool used created haz- 
ardous conditions. Fire protection was often provided 
by rather crude plunger pumps, driven from the water 
wheels, a standpipe was carried up through the mill 
with hose connections at the different floors, and casks 
and pails filled with water were placed at convenient 
points. The main dependence, however, was upon 
good care and the maintenance of such conditions 
that fires would not start 

Of course fires did occur, and many bad losses were 
met by these pioneer fire protection engineers, but 
from each severe experience some valuable lesson was 
learned, and the knowledge thus gained stored up for 
future application It was early found that the old 
steep roofs, with their inaccessibility and large 
amounts of fuel, were especially hazardous features, 
and as they burned off solid flat roofs of plank were 
provided, while many mills were induced to remove 
the bad roofs without waiting for a fire. 

The advantage of good construction was apparent 
from the beginning, and some mills in New England, 
though built over seventy-five years ago, still stand 
ways and elevators in brick towers. This type of 
ways and elevators in brick towers. This type of 
construction early became known as slow burning, 
from the fact that the solid masses of wood in the 
timbers and plank resisted fire for a long time before 
being sufficiently burned to be seriously weakened. 
Contrasted with this construction is the ordinary type 
using joists and thin floors, in which the surface 
exposed to the fire is much greater than when plank 
and timber are used, and in which the wood is in 
such small pieces that a little fire quickly destroys 
all strength, thus resulting in a quick-burning struc- 
ture. 

The need of having floors tight, so that no vertical 
openings would exist through which fire could quickly 
pass from story to story, was early recognized. It 
later became the practice to inclose the main driving 
belts in brick towers, and in practically all of the 
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older mills where the belts were originally carried 
from water wheels or engines through the floors, mak- 
ing considerable openings, incombustible partitions 
have been built around the belts so as to eliminate 
this danger. 

Special consideration was given to isolating haz- 
ardous processes, and one of the first steps was to 
put the picker room of cotton mills in an outside 
building, where the frequent fires which were inevit- 
able could quickly be extinguished without endan- 
gering the main part of the plant. In a similar way 
all other processes containing peculiar hazards have 
been dealt with, each case being considered on its 
own merits, and the solution adopted best fitting the 
conditions. 

One of the first improvements upon the primitive 
protection afforded by standpipe and fire pail came 
about 1850, in the development of perforated pipe 
sprinklers. These consisted of lines of pipe, one car- 
ried through each mill bay, drilled with small holes, 
designed to throw water against the ceiing. Branch 
pipes were connected to a feeder, and all supplied by 
a riser coming up through the building, usually a 
separate one for each floor. Connection was made in 
the yard to a main supplied with water from the fire 
pumps or other sources, and valves in the yard con- 
trolled different sections. When fire occurred the 
valve controlling the water for the perforated pipes 
in that section was opened, and the whole room 
deluged. 

The idea of such protection came from England 
and its possibilities were at once appreciated. It was 
developed through scientific methods, and many ex- 
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Fig. 1. Fires which have occurred in the Association 
of Factories showing the effect of the introduction 
of automatic sprinklers. 


periments on test equipments, thus determining the 
proper size of pipes and tne best size and arrangement 
of holes, so that a fairly uniform and very hard rain 
would be delivered over the whole of any protected 
room. 

Without such careful tests these pipe systems would 
not have been properly proportioned, with the result 
that some parts would be without water; while others 
would get too much, as the supply pipes might have 
been too small and the equipments would have failed. 

As mills became larger and concentrated values 
greater, better protection was needed. Ingenious 
minds had been working on the problem, and in about 
1875 the first automatic sprinkler was developed in 
shape suitable for general use. This device has revo- 
lutionized the whole science of fire protection, and is 
the main instument which has made it possible to 
control the fire hazard within the limits which are 
now possible. 

In the automatic sprinkler there is an orifice of 
about %-inch diameter normally closed by a valve 
which is held to its seat by an arrangement of levers, 
links or struts which are held together by a fusible 
solder, the ordinary type melting at a temperature 
of about 160 deg. F. These sprinklers are placed 
over the ceilings of the rooms to be protected, with 
a head for about every 80 or 100 square feet of area, 
and water is supplied to them by pipes arranged much 
as in the old perforated pipe systems. On the occur- 
rence of fire the temperature near the ceiling rises, 
one or more sprinklers open and deluge that par- 
ticular section where the fire is. 

The great points of advantage which the automatic 
sprinklers possess over all other means of fire fighting 
are, that they are on duty every hour of the day, 
and every day in the year, the heads which open are 
those located just where the fire is, the open heads 
can operate regardless of smoke or other conditions 
which would make it difficult for men to reach the 
seat of the fire. Such protection can cover every nook 
and corner of a plant and insure that fire starting at 
any point will be almost instantly met with such a 
downpour of water as to either extinguish it entirely 
or hold it in check within a small area until the last 
vestige is extinguished by the fire brigade. 

The problem of devising and constructing automatic 


sprinklers has required much careful scientific rh 
The conditions are difficult. The device must be 
simple, and rugged, but such that it can remain in 
repose for years and then respond within 30 to 50 
seconds where the temperature around them rises to 
the melting point of the solder, and yet withstand 
the ordinary tendencies to corrosion and the usual 
atmospheric changes. To accomplish this has proved 
no simple task, and many hundreds of patterns lave 
been offered, though there are to-day but six to ten 
heads which are commonly used. Much very careful] 
laboratory work has been necessary in testing sprink- 
lers. It was of the first importance to be sure that 
a sprinkler head would be operative after years of 
standing; again, it was essential that it should not 
weaken by age and open when there was no fire, 
causing water damage. Time tests were devised in 
which sprinklers are kept under excessive load in 
order to determine in a few months the probable effect 
of years of use. Heads are artificially corroded to 
obtain a measure of their probable susceptibility to 
impairment under everyday use. 

The first idea was that but a few sprinklers would 
ever be called upon at a time and that if these did 
not control a fire, other means must be used. Expe- 
rience, however, soon showed that sprinklers could 
do a larger work, and that if supplied with ample 
water they could protect very large areas. In cases 
where buildings equipped with sprinklers were at 
tacked by severe fires on the outside, flames were 
driven back by the water from the sprinklers, and 
the protected building was saved with practically no 
damage other than that from water. This at once 
showed the need of providing pipe sizes which would 
be ample to bring water to all the sprinklers which 
might open in any case. To determine this wisely 
very elaborate tests were made, in which the friction 
loss in pipes of different sizes used in sprinkler work 
was determined, as well as the friction loss in various 
types of fittings. This experimental work was carried 
on for months under the direction of men, practically 
all of whom had had technical education. From the 
data obtained schedules were made, pipe sizes deter- 
mined, and the whole arrangement of sprinkler sys- 
tems put on a sound basis which has now become the 
universal standard. 

From the first there were careful inspections of 
the factory properties associated in this plan of fire 
study and loss sharing on a mutual basis. These 
brought to each owner the experience obtained over 
the whole field. The apparatus provided was tested, 
and, in the absence of any more exact method, it was 
a common practice in testing a fire pump, to throw 
streams over the mill tower, thus getting a rough 
estimate of the capacity and condition of the pump. 

As more equipment was provided, better methods 
of testing became necessary. It was found that the 
ordinary tables for the discharge of water through 
nozzles were in error, and comprehensive tests were 
arranged under conditions where nozzles of different 
types could be compared, the height of streams noted, 
and the limits for varying pressures and different sizes 
of nozzles determined. At the same time the possi- 
bility of using better made nozzles for measuring 
water was demonstrated. These tests, carried on 
mainly by Technology men, resulted in the standard 
fire stream tables now universally used, and this work 
made a definite and valuable contribution to general 
hydraulic knowledge. 

In these tests the friction loss in hose of different 
kinds was measured, and it was found that the 
smoothness of the rubber lining exerted a very great 
influence on the friction. With the ordinary fire 
stream, which was standardized as a flow of 250 
gallons per minute, a smooth rubber lining caused a 
loss of about 14 pounds per 100 feet of length of hose. 
Other rubber linings, commonly used, caused a loss 
of over 25 pounds per 100 feet of length of hose. Thus 
the desirability of smooth linings was brought to the 
attention of hose manufacturers, improvements readily 
made, and the whole efficiency of fire hose very greatly 
increased. The standard tables made up from this 
data were put in such form that with the pressure at 
the hydrant, the length of hose, and the size of nozzle 
known, the amount of water discharged was given 
within the limits of a small percentage. This gave 
a convenient and accurate means of testing water- 
works systems and fire pumps, and marked a distinct 
advance in the whole science of water measurement 
for such conditions. 

After the very early plunger pumps, rotary pumps 
came into general use with water wheel drives. Later, 





tic 


fre 


inj 
ar 
er 


Cal 


wa 


wh 
tio 
tio 











in 
in 
fect 
to 
to 


uld 
did 
(pe- 
uld 
iple 
ses 
at 

ere 
and 
no 
nee 
yuld 
Lich 
ely 
tion 
ork 
ous 
ried 
ally 
the 
ter- 
sys- 
the 


of 
fire 
ese 
ver 
ted, 
was 
row 
ugh 
mp. 
10ds 
the 
ugh 
vere 
rent 
ited, 
‘izes 
»8si- 
ring 
on 
lard 
york 
eral 


rent 
the 
reat 
fire 
250 
da 
ose. 
loss 
‘hus 
the 
dily 
atly 
this 
e at 
zz\e 
iven 
rave 
uter- 
inet 
nent 


mps 
ter, 





Jory 15. 1911 


ag stea) became more common, steam fire pumps were 
installe’ and one of the first steps was to point out 
the nm in fire pump service of making the steam 
cylinder larger than those commonly provided for 


service pumps, so that the low steam pressure used 
in those days could develop a high water pressure 
As steai fire pumps became common, tests by inspect- 
ors show d many failures. Parts would break; pumps 
would found rusted so that they could not be 
moved ; am ports and water passages were so smail 
that the pumps frequently could not be driven under 


fire pressure at all to their rated capacity. The prob- 
lem was studied, and with the co-operation of pump 


makers « special fire pump was developed, more rugged 
in design, all moving parts rust-proofed, and with 
water and steam pipes ample. The result was a 


thoroughly reliable fire fighting machine of large 


capacity. This is now the type of pump universally 
ysed in fire protection work, and known as the “Under- 
water.” 

In a similar way progressive ideas have been ap- 
plied to rotary pumps and in later developments to 
the centrifugal pump, now coming somewhat into use 
for fire purposes. In the same spirit of thorough inves- 


tigation, hose, play-pipes, hydrants, and the many other 
devices used for protection against the fire, have been 
studied. Specifications drawn on scientific lines have 
been developed and the whole subject brought to a 
thoroughly scientific basis. 

In the early mills, pipes of small size were first 
carried from roof tanks and fire pumps to standpipés 
and yard hydrants. It was soon found that more 
water was needed and cases developed where, when 
the full capacity of the pumps was desired, it was 
found that the pipes were altogether too small to 
carry the water to the point where it was neede‘. 
This brought about a study of the lay-outs in all 
the protected factories and engineers employed by the 
associated factory owners, revised old lay-outs and 
made new ones. In this work good hydraulic knowl- 
edge is necessary, and the aim is to provide pipes 
of such size that the whole capacity of the water sup- 
ply available may be concentrated at any point with 
but few pounds loss of pressure between the supply 
and delivery point. In this way is laid out the pro- 
tective equipment for the mills included in this sys- 
tem, so that the greatest efficiency is obtained with 
proper regard for economy in outlay. 

It is of the most vital importance that the good 
construction provided at the start and the strong pro 
tective equipment installed should be maintained at 
all times in the best condition. The inspection service 
which began in a small way has been extended with 
the growth of the protected plants until now every 
factory is regularly visited four times each year, and 
a large part of the men engaged in this work have 
had technical education, or good practical experience 
giving a parallel knowledge and an acquaintance with 
the technical problems constantly arising in our mod- 
ern manufacturing plants. Careful reports are made 
on each plant as it is inspected, so that conditions 
throughout the whole field may be watched and the 
owner of each factory gets an estimate of the condi- 
tion of his plant by different men looking from dif- 
ferent viewpoints and bringing to him the experience 
from a very wide field. 

Plans of the protected properties were made at first 
in very simple form, then later in more detail, show- 
ing the general characteristics of the buildings, the 
arrangement of occupancy and the protection. A gen- 
eral view in isometric is also added, which enables 
one at a glance to obtain a good idea of the relative 
height and location of the different buildings. 

The above points, but briefly touched upon, are 
simply the main features in a broad development 
which has made the modern protected factory, with 
its many hazards, one of the safest fire risks known. 
The summation of these various lines of activity have 
made a system and created the specialty of fire pro- 
tection engineering. 

A few examples of typical cases may be of interest. 
In the great fire which destroyed a considerable sec- 
tion of Paterson, N. J., about ten years ago, the con- 
flagration was for hours beyond control of the com- 
bined fire departments. The fire finally extended to 
& group of protected mills. The fire pumps-in these 
mills were early put in operation and the mill fire 
brigades stood ready. As the conflagration approached 
the mills it was met, driven back, and stopped. The 
Scientific methods of fire fighting which had been 
developed, had triumphed, and these protected prop- 
erties sustained practically no damage, and actually 
checked the conflagration in this direction. 

Fires often started from unknown sources, and there 
was a constant tendency to attribute them to ordinary 
Causes, without thorough investigation. To such fires 
the spirit of scientific investigation was applied. It 
was found that many fires came from the use of oils 
which rapidly oxidized, causing spontaneous combus- 
tion. A large amount of work was done in this direc- 
tion, end the analyses which proved the truth of this 


fact and suggested remedies were made by the Insti- 
tute. Many fires resulted from hot bearings improp- 
erly lubricated. Lubricating oils were examined and 
tested to determine the friction of bearings lubricated 
with different kinds of oils. Very great differences 
were found, and study showed that oil could be ob- 
tained which would almost eliminate the danger from 
hot bearings and which at the same time would not 
be subject to spontaneous combustion. Thus a very 
troublesome class of fires was eliminated by systematic 
study. 

Goods colored by certain dyes were found to be 
liable to spontaneous heating under some conditions, 
and fires once inexplicable were easily proved to be 
the result of this action. Remedies were applied, 
either by changing the method of dyeing, or the 
method of handling the stock so as to give a proper 
chance for airing and cooling, and this danger was 
practically eliminated. 

The underlying principle in all of this work, be 
it an intricate problem or a very simple one, has been 
to intelligently and carefully ascertain all of the facts, 
using the best scientific knowledge available, and then, 
with the conditions fully known, to devise changes in 
methods or provide precautionary features to take 
care of the difficulties and to do this without throwing 
serious obstruction in the way of economical and 
rapid production. It is a work in which the know! 
edge and skill of the scientific man must be combined 
with good judgment and an appreciation of everyday 
business conditions, and there must be constant will- 
ingness to co-operate to the full extent with the prac- 
tical manufacturer. When the work is conducted In 
this way the gain to the manufacturer in the pre- 
vention of fires, the quick controlilng of such fires 
as occur, and the safeguarding of his business from 
troublesome, and perhaps fatal interruption by a 
severe fire is certainly of the very greatest benefit. 
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It was undoubtedly true that windows of this kind 
did not break out or crack as ordinary glass would 
probably have done to a greater or less extent. The 
point, however, is that in all this work the real facts 
must be absolutely ascertained if true conclusions are 
to be drawn, and this instance shows the work which 
the trained observer can do when taking time to 
study every condition, and when imbued with the 
spirit of thoroughness. It shows further the need of 
such observers if the real facts are to be certainly 
determined and the true conclusions drawn. 

A diagram (Fig. 1) of fires which have occurred 
in the association of factories which have carried 
on this study of protection against fire, where the loss 
has been over $100,000, shows that such fires came 
along with considerable frequency in the early days, 
but that later, when automatic sprinklers were largely 
in use and other means of prevention and protection 
developed to a high state of efficiency, there was a 
marked lessening in the number of severe fires. This 
plotting, together with figures showing the growth 
in value of the factories thus operating, makes a 
graphic object lesson of the results accomplished by 
the application of scientific methods. 

In another way the cost of fires (diagrammatically 
shown in Fig. 2) including the cost of carrying on 
this system of studying them and maintaining methods 
of protection is shown, covering a period of fifty years, 
by ten-year averages. This, though not made up from 
the whole field, is typical and fairly represents the 
result from all the factories co-operating in this study. 
This shows the constant reduction in cost with the 
improvements in methods of handling the fire hazard. 
It should be remembered that this has been accom- 
plished despite the enormous increase in size of prop- 
erties and the introduction of many new hazards. 

In more recent years the ideas and possibilities de- 
veloped in this special field of manufacturing plants 
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Fig. 2. Constant reduction of cost without improvements in methods of handling the fire hazard. 


An excellent example of the spirit of thoroughness 
was recently shown in the investigation of a fire 
which destroyed a large city block and threatened two 
protected plants which were adjacent. The exposure 
fire was of unexpected severity. The nearest pro- 
tected factory was directly in the path of attack and 
its destruction seemed inevitable. The wooden frames 
and sashes on the exposed sides were burned out; 
the automatic sprinklers in each floor opposite the 
windows opened; the fire brigade manned the stand- 
pipe in a brick tower; a fire pump, of the type already 
described, furnished an ample water supply at good 
pressure, and though the men were almost forced 
again and again to flee from the tower, they stood 
their ground, and the sprinklers, aided by the stand- 
pipe streams, kept the fire entirely out of the building, 
which without such equipment would surely have been 
quickly destroyed. The loss was moderate and con- 
fined almost entirely to the unavoidable wetting down. 

An adjacent building was similarly protected, and 
all of the windows toward the fire were of wired 
glass in metal frames. Here also the private fire 
brigade did good service, helping out with hose streams 
any specially hard pressed point. When the fire was 
over many who examined the protected buildings gave 
credit to the wired glass and were inclined to attribute 
the saving of the large building almost entirely to it. 
Then a careful investigator with a desire to get at 
the exact truth, carefully studying the conditions, 
found that high wooden poles carrying electric wires, 
running up beside the building protected with the 
wired glass, were not charred. This evidence was at 
once conclusive that the severity of attack on the 
building with wired glass was much ‘less than that on 
the other building, and that any attempt to draw 
from this incident a positive conclusion as to the 
resisting ability of such protected windows was 
erroneous. 


have spread and have been applied with increasing 
advantage in the general field, including all sorts of 
properties throughout the whole country. National 
organizations for considering these problems are now 
in flourishing condition, and doing a broad and useful 
work. These results have been accomplished through 
the work of many earnest men. As is always the 
case, few have led and directed the main movements, 
but much has been contributed by the painstaking 
investigation of many different workers. All of the 
men who have done this work have possessed the 
scientific spirit. 

The terrible loss of life which recently occurred in 
New York city and the loss of life and irreplaceable 
papers in the State Capitol at Albany could have been 
prevented by methods long since adopted in hundreds 
of manufacturing plants. But slowly does the scien- 
tific spirit penetrate the broader field where so many 
diverse interests are factors. With gain in the gen- 
eral breadth of view it is certain that these methods 
and this spirit will in the coming years be more fully 
recognized and will exert their beneficial influence 
throughout the whole country. 

Trials of the ‘‘ Danton’”’ 

THe new 20,000-ton battleship “Danton” of the 
French fleet, was recently put through a series of 
trials ‘and the results were very good. On April ist 
a third trial of 24 hours was made with all the fur- 
naces and the Belleville boilers at work, and as the 
previous tests showed, the coal consumption per hour 
and per mile run was considerably lower than the 
contract figure. The amount of coal was 0.665 (long) 
tons instead of 0.685. It is to be noted that the 
“Danton” made three official tests within 8 days, which 
is somewhat remarkable. The ammunition quarters 
of the “Danton” and the “Voltaire” are cooled by the 
new L. Le Blanc refrigerating system. 








Jury 15, 19°) P 


8 SCIENTIFIC AMERICAN SUPPLEMENT No, 1854 
Multiplex Telephony and Telegraphy—IlIl 


Electric Waves Guided by Wires it 





































































the 
By George O. Squier - 
Continued from Supplement No. 1953, page 22 
IV. MEASUREMENTS OF ELECTRIC WAVES OF FREQUENCIES these resonance curves as the frequency of the electric that of the armature, and, second, by readings from 4 
rrom 20,000 ro 100,000 cycLeES PER SECOND ON waves is varied, four particular frequencies were wave meter accurately calibrated by reference tv the 
A STANDARD TELEPHONE CABLE LINE selected at approximately equal intervals from 95,000 standards of inductance and capacity of the Bureay 
In order to understand more fully the conditions complete cycles per second to 36,500 complete cycles of Standards. The agreement between these was 
for the successful transmission of electric waves along per second, and at each of these frequencies two curves within the limits of error of observation. 
commercial telephone cable conductors a preliminary Were obtained, one with the line open and the other COEFFICIENT OF COUPLING. 
study of this particular line has been made and the With the line short-circuited at the receiving end. Since it was the desire to study the properties of 
engineering data obtained are submitted The generator was operated either from a dynamo the line itself independent of any reactions from the 
: source or from a storage battery, and under proper local oscillatory circuit of the dynamo, loose coupling 
L . 
{ol op onan9 conditions it ran so regu arly and the whole phenomena was invariably employed between these two circuits 
‘ ® 4 —_ 
Sits ~ TABLE I 
. ad f 1 J OBSERVATIONS POR RESONANCE CURVES AT TRANSMITTING END OF TABLE II 
f > TELEPHONE CABLE LINE, RECEIVING END OPEN OBSERVATIONS FOR RESONANCE CURVES AT TRANSMITTING END op 
c Prequency of generator constant at 93,800 complete cycles per second TELEPHONE CABLE LINE, RECEIVING END SHORT-CIRCUITED 
Fig 9. Frequency of generator constant at 95,200 complete cycles per second 
Capacity in Inductance in Equivalen. Pre- Line = = a - 
muicrofarads muillihenrys in inductance Wave quency current 
im caves with series with af the line in length of the in Capacity in Ind ia a w Pre- Line 
7 . ~nenreme . induct t mallihenrys i i Lli- microf. hen: uctance uenc: e 
In approaching the subject of these measurements, cosnmentting ond | teonmeiting end premenn aanei| diame | olgine f — apn 4 —— me) Te. | | fe | 
" . nductan t it h . 
although the circuit involved is a wire circuit through — = ea —a ettce | cls a 
out, the method of treatment of the tests carried out 0 00183 0 400 2070 146,000 w ——_—____—. j———__. 
. 0 wie - 222 135,000 Pu 
has been that of wireless engineering, rather than 0 00230 . 2320 ane 70 pond 0.488 —_ 2060 — «0 
Fs Ee ——— 024 2 »” — 2200 y bo 
the usual tests made upon wire circuits. The rang pep mes od 4 0.00817 . — sane | 4 70 _ 
of frequencies used overlaps at its upper iimnlt those . euses . 4 renews — pes P ste see | 192.000 - 
which already have been employed in long distance 0 00288 ° 2600 115,000 120 0 0025s : — 2530 | 119,000 100 
‘ , ° renshes © 00301 : eso | 113.000 130 © 00267 . — 2570 | 117,000 110 
wireless telegraphy, and at the lower limit approaches © 0312 . 9710 111,000 0 (| —_ . — _ | sane 120 
’ . 2» Hmi 7 . 278 . 0 0028: . — : 7 130 
those used in telephone tests near the upper limit of papier ; : an | ao nod 0 00297 . — 2710 | 111,000 140 the 
audibility. 0 00339 : 2820 106,000 170 0.00310 ° —_ 2770 | 108,000 150 
, ) on fined th 3j le 0.00861 ; 2870 | 105,000 180 0.00322 — 2830 | 106,000 160 cw 
rhe measurements have been confined to the simple 0 00ses , nee | nes me 0 00333 . ie 2870 | 105,000 170 
} © 00373 ° 2960 | 101,000 200 © 00342 . —— 2910 | 103,000 180 obs 
WAVE LENGTH, METERS = \ 0 00s9! . 3030 99,000 210 0 00356 ° — 2970 | 101,000 190 
a> di cae aa aaah. ie ’ : 7 2 ee ee these: cet ele, 
| MO FPEQUE NSTANT | © cease $200 93.800 215 © 00400 7" - 3150 | 95,200 196 cal 
vYNAMC PEQUENCY . * £ . Rs — oa =e , 
AY 93. 800 CYCLES PER SECOND | sina ; ee | eneee — 0 00432 . — 3270 | 917 90 ab 
% 0 00511 3470 86.500 190 0.00457 7 — 3370 | 89,000 ae me 
| | © 00543 . ssz0 | 96.000 - 0.00485 . | — 3470 | 86.500 170 
gw c | v 00571 ° 3660 82.000 170 0 00510 2 — 3560 | 84,300 160 va 
c i 0 00629 3950 77,900 100 0 00534 . — 3640 | 82,400 150 
C 0 00668 . 3960 75,800 150 0.00581 . — 3800 | 78,900 140 
“hoe 5 | \3 0 00713 ‘ 4100 73,200 140 0.00626 7 we 3940 | 76.100 130 
n| - \ i % 0 90768 4250 70.600 130 © 00718 ps — 4220 71,100 120 an 
3 16 ; ; . | 0 00863 4500 66,700 120 0 00784 . — 4410 | 68,000 110 be’ 
; ' \ | z 0 00914 4630 64.300 110 0 00950 : — 4850 | 61,900 100 
; a} \f ¥ 0 61085 ° 050 59.400 100 0.01085 ‘ —_— 5190 | 57,800 Sd sp 
7 s/ - | 0 01335 600 :3,.600 K2 = ws 
’ 7 \ ¢ Por tuning elements at resonance: 
& 20} 4 \5 For tuning elements at resonance t at 
z L — =1.0 X10 for practical units. to 
; | =0.917 X10 for practical units 
w luo} . =10X10" for absolute electromagnetic units 
é | =0.917 X10” for absolute electromagneti nits 
> | | so! 
‘ of resonance were so regular and orderly, that after In taking the observations the coefficient of coupling Th 
wo} a little practice the observations for each particular 48 (defined by the expression. th 
I 
| F | resonance curve could be taken as rapidly as the M sla 
on UU LL ogg results could be recorded. k= = 
Fie. 10.—Resonance curves at Continuing the readings for a complete curve V LL. 
transmitting end, telephone back and forth from beginning to end several times , nt : _— , 
ans ¥ ‘ big? “~ was made sm yy using a considerable separation 
able line receiving end indicated that under proper conditions the readings : , ' * . 4 » . . : a a re: 
Ss Se — ad , xetween the primary ; the seco ry ¢ of the 
open agree so well that there was no necessity for averag- t primary anc nee s ndar) r s of th 
2 : P : : , oscillation transformer, and there is no indication in 
ing observations for any particular point, and a sing!e ™ . _ ssihow en's nai 
, , Re ey ae es ‘ne ae arenrate aa the curves taken of reaction effects of the one circuit 
case of the metallic circuit, and other circuits involv set of observations for a curve was as accurate as rpon the other th 
ihg ground connections have not been investigated. desired. It will be noted that in the observations ; I lir 
given below the ammeter readings are equally spaced. as of 
RESONANCE CURVES eatin a . a . STIFFNE . INC’ yN, 
| ler to det neral way the prop- Tis was convenient, since the variable tuning con- a oo S 
h vordet oO determine in a general ay the 4 P " f ; y 
' , , oat ot i ‘ denser could be easily adjusted to bring the ammeter 
2) a " ar ar . pe . . re se . : . -_ 
Sle > Se Tae ae ~~ — 1a “ needle to a division line on which it could be read Since resonance may be obtained in an oscillatory 
ceiving terminal apparatus, the first inquiry was 
directed to the construction of typical — Monn on a =e mavens =) oo | WAVE LENGTH METERS =) P 
curves in the cases, first, with the line open at the oe 1 — .—-— 1 — —, 29002000 _4uny __guny__cuny __ sym S000 agp0 
| oe | ] | 
receiving end, and, second, with the line short-circuited | A 
WAVE LENGTH, METERS = \ | {| | | 
n ax) 20) So) 40 "ag _ cago | \ 
rc r wf 4 } + cou 4 i" + + 4 
wh 2f) | 2 = 
| any +— wi Pt - 130 “ + 2 T 
- 4 a =» | 
| : : 2 | 
i | S18 +—$ + 4S Bro $ tT t 
5 |! 2 : ! | | 
 seol > 5 Z ; 5 = | 
rn < 140} t’ <1 » rT + 
2 3 5 3 § z | | 
1 | = i : rr} a 
i | , ona tus ,2 tae w +he—} | 
"7 < z " 
1 ‘ |S | é ~ Ne 
l im | « | a 
5 | 1S 100 + = wo + t } 
& Fe z 
e pe on } 
¢. | z z 
o' 6 wo} : 5 sol } 
: | | | | 
aie | eo ow + 
ww ; we ; t T 
+ Ooo «.000 bun. 000 Ive, 3uY 140.000 160.000 I 0 On ve | i L L l fe —= i 
PRE ency VOLES PER SEC. =H v wu wow Woe low lq few OR Gwe som low duo le 
FREQUENCY, CYCLES PER SEC. =18 FREQUENCY, CYCLES PER SEC. = 7% 
Fie, 11 Resonance curves at : 
transmitting end, telephone Mia. 12.—Resonance curves at Fie. 13.—Resonance curves at 
cable line receiving end transmitting end, telephone transmitting end, telephone 
short-circuited. Dynamo cable line, receiving end cable line, receiving end 
frequency constant - 95.200 open. Dynamo frequency closed. Dynamo frequency 
anden per sneend constant at 73,000 cycles constant at 73,000 cycles 
; per second. per second. 
at the receiving end, after which the modifications 
introduced by the presence of certain terminal ap- ™ore accurately than its position estimated in the circuit by an infinite number of combinations L 
paratus were briefly investigated. uncalibrated space between. This removed any neces- and ( fulfilling the condition 
In order to indicate the general characteristics of ‘ity for estimating divisions of the scale on the am- 1 in 
meter and contributed to accuracy. Leo=— of 
* Presented before the Congre as of Technology at the Fif The speed of the generator was determined by two Cw ee 
tieth Anniversary ef the Granting of the Charter of the - 4 
methods: first, by observations with a tachometer upon or more generally for series circuits containing se: ies a 
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it is po sible to select any suitable value of either of 
these «antities and tune by varying the other. In 
making hese observations the tuning inductance was 
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Fic. 14.—Resonance curves at 
transmitting end, telephone 
cable line, receiving end 
open. Dynamo frequency 
constant at 53,000 cycles 
per second. 


kept constant and the capacity element varied. 
L 

The stiffness function was not kept constant for 
C 
the different frequencies at which the resonance 
curves were taken, but its value for each set of 
observations is given. 

A convenient range of variable inductances and 
capacities, calibrated in absolute values, was avail 
able. and the designs of these were such as are com- 
mon in wireless telegraph practice and known as 
variometers and variable air condensers. 

Hot wire ammeters were placed in both the primary 
and the secondary circuits, the one in the primary 
being used merely to indicate the constancy of the 
speed of the dynamo, for which purpose this circuit 
was adjusted to the steepest part of its resonance curve, 
at which point the ammeter reading is very sensitive 
to change in speed 

The typical circuit for obtaining this series of re 
sonance curves is shown diagrammatically in Fig. 9. 
The value of the primary current was controHNed by 
the tuning inductance L’; the capacity C’ being con- 
stant. 

RESONANCE CURVES AT m= 93,800, \ 3,200 METERS. 

(A) Case 1. Line Open at Receiving End. 

In Table I. are given the observations for the 
resonance curves shown in Fig. 10 
The inductance L was constant and equal to 0.400 
millihenry and the first column gives the values of 
the condenser C for the corresponding values of the 
line current in milliamperes shown in the last column 
of the table. 
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Fic. 16.—Resonance curves at 

transmitting end, telephone 

‘ cable line, receiving end 

open. Dynamo frequency 

constant at 38,000 cycles per 
second. 


The construction of the curve is derived as follows: 
For a simple series circuit at resonance 
Vv 
A=—-=2rv0V LOC (1) 
n 
in whi \ is the wave length, in cm., v is the velocity 
of light —3 x 10” cm. per second, n= frequency in 
complete cycles per second; L is the sum of the in- 
@uctances in the circuit in cm. and C ie the total 





capacity in absolute electromagnetic units. 

At resonance, the value of n, and consequently the 
value of A is known and is obtained from the fre- 
quency of the dynamo. 

The value of the tuning condenser for the above 
conditions of resonance is known, and from this must 
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Fic. 15.—Resonance curves at 


transmitting end, telephone 
cable line, receiving end 
short-circuited. Dynamo . 
frequency constant at 53,000 


cycles per second. 


first be determined its capacity reactance at this fre- 
quency. From the table it is seen that for resonance 
the capacity was equal to 0.00436 microfarad and the 
capacity reactance of this condenser at a frequency 


of 93,800 is equal to 


1 
= S89 ohms 
Cw 
or admittance = 2.57 « 10—' mho 


IMPRESSED FREQUENCY CONSTANT AT 
3,000 CYCLES PER SEC. 
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Fig. 18.—Selectivity curve of 
telephone cabe line, receiv- 
ing end short-circuited. 


From the table it is seen that the tuning induc- 


tance is equal to 0.400 millihenry, and its inductance 
reactance at this frequency is equal to 


L w= 236 ohms 
or admittance — 4.24 x 10— mho. 
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Fic. 17.—Resonance curves at 
transmitting end, telephone 
cable line, receiving end 
closed. Dynamo frequency 
constant at 38,000 cyc’es per 
second 


It appears, therefore, that of the tuning elements, 


the reactance of the condenser is greater by 153 ohms 
than that of the coil, from which it may be concluded 
that the line reactance at this frequency is of the 
nature of an inductance instead of a capacity, since 
at resonance the geometric sum of the reactances of 
the circuit is zero. 
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Here, then, is the necessary data to evaluate this 
equivalent inductance of the line at this frequency. 

In equation (1) all the quantities are known except 
that part of L represented by the line, since the total 
inductance of the circuit is equal to the arithmetical 
sum of its parts, provided there is no mutual induction 
between any of these parts, which condition obtained 
in this case. 

From equation (1): 

v 
—=2rvv(L+L)06 ( 
n 
in which L’ is the quantity to be determined. From 
which 


bo 


n* 1 
L’ =—— — = — L (3) 
in? 4nrn?C 

Substituting the known va‘ues in (3) 

L’/—260,000 cm. 
=.260 millihenry. 

It was desirab!e to measure the va'ue of the effective 
voltage being impressed upon the line itself at the 
transmitting end, but no electrostatic voltmeter is 
available which will read directly smal values for 
alternating elctromotive forces. 

The lowest reading of the electrostatic voltmeter 
available was 40, and this instrument when placed 


TABLE Ill 
OBSERVATIONS FOR RESONANCE CURVES AT TRANSMITTING END OF 
TELEPHONE CABLE LINE, RECEIVING END OPEN 
Frequency of generator constant at 73,000 complete cycles per second 


Capacity in Inductance 1 Equivalent Fre Line 
microfarads millihenrys in nductance Wave quency current | 
in series with series with “4 the line in length f the in 
inductance at capacity at muillihenrys m line mill 
transmitting end | transmitting end computed meters circuit amperes | 
| 
| 
0 oo147 0 818 2210 136,000 20 
0 oo20R . 640 114,000 wo 
0 00235 . 800) 107,000 0 | 
0 00268 e 2990 100,000 ” 
0 00289 . 7100 96 800 6 | 
0 00309 ° 1210 93,500 70 | 
0 00324 . 200 91,200 80 
0 00343 . 1380 88,800 90 
© 00357 ° 4 87,000 100 
* © 00367 . 1500) &5,700 110 
0 00379 * 1560) 84,300 120 
0 00387 . S00 83,600 1% 
0 00398 O40 82.400 140 
0 00407 ° 4680 81,500 1” 
0 00416 . 3730 80,400 160 
0 00423 a 3760 79.800 170 
0 00435 . 3810 78,700 180 
0 00444 . 38.50 77.900 190 
0 00455 e 3890 77,100 200 
0 00464 S 319.30 76.300 210 
0 00478 1990) 75.200 220 
0 00506 ad 0 121 4110 73.000 227 
0 00527 ~ 4190 71.600 220 
0 00547 a 4270 70,300 210 
0 00563 . 4330 69,300 200 
0 00577 ° 400 68.300 190 
0 00504 a 4450 67,400 180 
0 00611 . 4510 66.500 170 
0 00629 ° 4580 65.500 160 
0 00651 ° 4660 64.400 150 
0 00675 “ 4740 63,300 140 
0 00707 ° 4550 61,900 130 
0 00741 . 4970 60,400 120 
0 00789 - 5130 58.500 110 
0 00858 5450 56,100 106 
0 .CO950 ° 5630 53.300 90 
0.01105 ° 6070 49.400 80 
0.01346 = 6700 44,800 7 
0 01905 aad 7970 37.600 60 


Por tuning elements at resonance 
L 
C =1.62 X10 for practical units 


=1.62 X1C® for absolute electromagnetic units 


directly across the line gave no perceptible reading. 
It is possible, however, to estimate closely the voltage 
used, for since the ohmic resistance of the secondary 
coil in the line circuit was only a fraction of an ohm, 
the impedance of the coil at this frequency can be 
taken as practically 180 degrees from that of the con- 
denser without sensible error. The voltage drop 
across the coil at resonace is equal to 


L w I = 236X0.215—50.7 volts. 
The voltage drop across the condenser is equal to 
I 
——=389 «k 0.215=—-83.6 volts. 
Cw 
Therefore the voltage being impressed upon the line 


at resonance is approximately 
83.6—50.7—33 volts approximately. 
To determine other points of the resonance curve, 
there are these relations between the solution at 
resonance and any other solution at dissonance. 


v 
A= —— =—2ervy VLC 
v i 
A, = —_ = 2 rp VL, C; 
n, 
”, JL U 
n V/ LC, 
Vi 
mn =H 
ie 
Since L — L, throughout a set of observations 


— <&k 
“=n \/2 
C, Vv Cc, 


where k=n ¥ C=—constant and C, is the observed 
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value given in column one of Table I 

Having determined in this manner the value of 
the frequencies for each of the points of dissonance 
given in the table, the corresponding wave-lengths in 
meters in the fourth column were derived 

The graphs of these curves are shown in Fig. 10. 

it is observed that the line current-frequency curve 
is not symmetrical, but is steeper on the side of the 
higher frequencies. 

The line current-wave length curve is steeper on 
the side of the shorter wave-length 





TABLE IV 
OBSERVATIONS FOR RESONANCE URVES AT TRANSMITTING END P 
TELEP? Nf ABLE LINE, RECBIVING END SHORT-CIRCUITED 
Frequer { generator constant at 000 complete cycles per se ! 
n F Li 
= = ~ A Wa quen arre 
series with t engt { the ) 
luctance a at milly 
anamitting ¢ a ter uit ampere 
0 00144 818 0 4,000 0 
0.00107 . 2600 100 wo 
6.002 ” 8.000 40 
( 025. 7) 100 1) 
) 028 ) 16.500 60 
0 00208 00 13,800 70 
0 0031 ” 71,200 80 
wr a 88,800 »” 
was ° 450 87.000 100 
00358 85,500 10 
00°88 oo 84.300 120 
0 00376 600 83,300 130 
0 0038 650 82.200 0 
0 00306 890 81,300 150 
0 00404 730 80.400 ao 
0 CO415 1780 0.400 170 
0 0042 120 72,500 130 
0 00430 a0 77,900 190 
0 00499 . 890 rt) 200 
» 00452 40 6,100 10 
) 00464 7 4000 75,000 220 
0 00491 . a ai 73,000 227 
0 00615 ‘ 00 20 
) 00533 428 0, 104 210 
) 00551 at 69,000 200 
0 00566 44 18,000 0 
0 00585 4490 66,300 180 
ine 0 00600 4.40 66,100 170 
0 00620 4620 64.900 160 
0 00640 4690 64 001 0 
0 00666 17% 62.600 40 
) 0807 1900 61.20 0 
) 0073 502 » 80K 0 
ow c 8, 10K 0 
) OOR42 Hn 60K 100 
00940 on 0 “ 
) s ( 49,000 80 
0 01332 . 6770 44,300 70 
0 01905 81K 000 60 
For tuning ele ‘ sonance 
~1l6 ow ' a al ‘ 
t » abso ag anit 
(B) CASE 2 LINE SHORT-CIRCUITED AT RECEIVING END 


With the dynamo frequency constant at 95,200 a 
similar set of observations was taken for the case 
of the receiving end of the line short-circuited, and 
these observations are exhibited in Table II. 

The graphs for the line current-frequency and line 
current-wave length are shown in Fig. 11 
RESONANCE CURVES AT ” 73,000 A 4,110 METERS 

(A) Case 1. Line Open at Receiving End. 
In Table III are given the observations for the two 


curves shown in Fig. 12 





TABLE VI 
OBSERVATIONS FOR RESONANCE URVES AT TRANSMITTING END OF 
TELEPHONE ¢ LE LINE, RECEIVING END SHORT IRCUITED 
Pre«ue { generator constant at 53,000 complete cycles per second 
' Inducta } } l 
t ! ry apa Wa 4 4 
“ er with ength f the \ 
{ ‘ Apa ' i \ 
‘ a i. « : amperes 
0 00460 036 4120 800 71) 
> OOS1E ‘ 69,400 60 
» OOS 4510 66,500 ) 
) 0050S 140 64.700 80 
) Oneue 74 63,300 ”) 
0 0064 4S00 62,500 ” 
) OO68 4950 0,600 10 
) OOTOR 40 9.500 »0 
) OO720 ) 8,700 130 
0 00749 . . 100 0 
» OOF ) 6,900 10 
0 00796 . 6.300 60 
) OORS ° 170 4,200 70 
0 COBO ) 26 400) 00 80 
0 0008 yon 0,800 0 
) O1oNO Hoo 49.700 60 
01068 . ) 48,800 1) 
198 654 47,200 0 
» 0120 M10 46,100 0 
) OL260 6680 44.900 120 
» O1918 6800 44,100 110 
» O1450 ) 42.200 t 107 
» O158 420 0.400 ” 
0 019 R140 6.900 wo 
Por * at ame 
t 
, “ 


(8) CASE A. LINE SHORT-CIRCUITED AT RECEIVING END. 
In Table IV are given the observations for the two 
resonance curves shown in Fig. 13 
RESONANCE CURVES AT nm == 53,000, 5,660 METERS. 
(A) Case 1. Line Open at Receiving End 
In Table V are given the observations for the two 
curves shown in Fig. 14 
(8) CASE 2. LINE SHORT-CIRCUITED AT RECEIVING END. 
In Table VI are given the observations for the two 
resonance curves shown in Fig. 15. 
RESONANCE CURVES at == 53,000, = 5,660 Merers. 
(A) Case 1. Line Open at Receiving End 
In Table VII are given the observations for the 
two curves shown in Fig. 16. 


(Bp) case 2. LINE SHORT-—CIRCUITED AT RECEIVING END. 

In Table VIII are given the observations for the 
two resonance curves shown in Fig. 17. 

SELECTIVITY CURVES. 

The series of resonance curves given above are 
the usual types constructed in the study of wireless 
antennz but in order to interpret them from an engi- 
neering point of view, it is more valuable to plot 
them as selectivity curves, in which the line current 
is p'oted as a function of the frequency. 

In order to be able to read directly the percentage 
drop in current from the value at resonance taken as 
unity; for any given percentage departure from the 
frequency at resonance, also taken as unity; it is only 

I 
necessary to plot ordinates in terms of ——, in which 
Ir 
J is any particular value of the current corresponding 
to the frequency n,, and Jr is the value of the current 
at resonance; and the abscisse are plotted in terms 
n, 
of in which n, is the frequency of the ‘ine circuit 
n 
at any point of dissonance, and n is the frequency at 
resonance. 

As an example, in the case of n 53,000, Table IX 
has been computed. The graph of this curve is shown 
in Fig. 18 

It appears from the inspection of this curve that 
it is not symmetrical with respect to the ordinate 
corresponding to resonance. The sope of the curve 
is steeper for increasing frequencies than for de- 
creasing frequencies. It is possible to read off directly 
from this curve the percentage change in the line 
current from resonance for any given percentage 





ABLE V 
OBSERVATIONS POR RESONANCE CURVES AT TRANSMITTING END OF 
TELEPHONE CABLE LINE, RECEIVING END OPEN 
Frequency of generator constant at 53,000 mmplete cycles per second 
Capacity in Inductance in Equivalent Fre Line 
microfarads millihenrys in apacity Wave quency urrent 
im series with series with “wf the line in length a the n 
nductance at apacity at mucrofarads in line malli- 
transmitting end transmitting end omputed meters ircuit amperes 
0 00452 1 036 4040 74.300 ou 
0 00404 . 4220 71,100 60 
0 00542 ” 4420 67,900 70 
0 00570 . 4530 66,200 8O 
0 00600 . 4640 64.700 90 
0 00624 . | 4730 63.400 00 
0 00672 , 4910 61,100 0 
0 00700 00 60,000 120 
0 00723 . 080 59,100 130 
0 00747 7 5160 58, 100 40 
0 Oo777 . 9260 57.000 0 
0. 00816 . 390 5.700 60 
) 00902 . ) 251 660 53,000 70 
0 00988 . 910 50,800 60 
0.01036 . 6050 49,600 15 
0 01086 ° 6190 48,500 00 
0 01115 ° 6260 47.900 130 
0 O1172 . 6420 46,700 120 
0 01232 ° 6570 45,700 i110 
0 01355 . 6880 43,600 00 
0 01522 7260 41,300 ” 
0 01860 7980 37,600 80 
Por tu @ cleme " a 
r 
xl ra al uw 
for a 1 agr 


change in frequency from resonance For instance, 
it is seen that for 10 per cent decrease in the 
frequency of the line circuit, the current has fallen 
to 79 per cent of its value at resonance, and at 
;0 per cent decrease in frequency of the line circuit, 
the current has fallen to 44 per cent of its value at 
resonance, whereas at 30 per cent increase in fre- 
quency of the line circuit the current has fallen to 
34 per cent of its value at resonance, which is con 
siderably lower; in other words, the line current is 
more sensitive to changes on the side of increasing 
frequencies than on the side of decreasing frequencies 
in the case of impressed constant frequency of the 
dynamo of 53,000 cycles per second. 

The current is seen to be reduced to one-half its 
value at resonance for a 24 per cent reduction in 
frequency, and to the same amount for 20 per cent 
increase of frequency. 

A curve of this kind makes it possible to predict 
that terminal apparatus could be inserted in this 
line at the receiving end, provided it was in the na- 
ture of ohmic resistance, and that there would be no 
interference between several of such instruments oper- 
ated at different frequencies, provided the interval 
between the frequencies of each of the different re- 
ceiving sets was greater than 44 per cent, and that 
each receiving apparatus was not rendered inopera- 
tive by the presence of a stray current of 50 per 
cent of its normal operating value. It should be re- 
membered that this interpretation is from conditions 
controllable at the transmiting end only, and provides 
for no selective tuning whatever of the apparatus at 
the receiving end. In other words the curve given 
shows the selectivity of the line itself. 

(To be continued.) 


Strass.—Under the title “strass” is understood, gen- 
erally, readily fluid varieties of glass, containing a 
large proportion of lead and possessing marked light- 
refracting properties. Strass is used particularly in 
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the imitation of precious stones, and in the produc|ion 
of this glass care must always be taken to employ 
only the purest materials, such as are perfectly [ree 
from iron especially, otherwise we shall never ob- 
tain a perfectly colorless glass, but one having a yel- 
lowish tint. In melting it particular care mus! be 
taken to protect the mass from contact with the re 
ducing heated gases. For diamond imitations, color. 
less strass is used for imitations of other precious 
stones, coloring oxides, cobalt oxide, chrome ovxide, 
ete., are employed. 

Formule for Colorless Strass (according to Don. 
ault-Wieland).—(a) Ground rock crystal 100 parts, 


TABLE VII 
OBSERVATIONS FOR RESONANCE CURVES AT TRANSMITTING E> P 
TELEPHONE CABLE LINE, RECEIVING END OPEN 
Prequency of generator constant at 38,500 complete cycles per second 














Capacity in Inductance in Equivalent - 
microfarads millihenrys in inductance Wave quency urt 
im series with series with of the line in length of the 
inductance at capacity at millihenrys in line 
transmitting end transmitting end computed meters circuit AIT 
0.00215 0.818 5540 84,700 
0.00298 a - 4160 72,100 
0.00347 — 4490 66,300 40 
0 00407 ° . = 4860 €1,700 
0 00450 — 5120 58,600 
0.00495 5360 56,000 
0 00525 - 5521 54,300 
0 00551 . - 5660 53,000 ( 
0 00589 “ = 5850 51,300 100 
| 0 00600 ° 5900 50,300 110 
0.00631 . 6060 49,500 120 
| 0 00655 $ - 6170 48,600 130 
0 00681 . 6290 47.700 140 
0.00700 7 6380 47,000 
0.00730 6520 46,000 oO 
0.00756 . - 6630 45,200 
0.00780 a - 6740 44,500 180 
0.00809 = 6860 43,700 “) 
0 00834 6960 43,100 200 
| 0.00877 . 7140 42,000 ) 
| 0.00894 7210 41,600 0 
| 0.00923 . . 7320 41,000 ) 
0.01015 ° - 7689 39,100 $ 
0.01044 + 0.818 7790 38,500 24 
0.01076 ” 7910 37,900 240 
0.01170 . _- 8250 36,400 230 
0.01220 . 8420 0 
0.01268 . _ 8590 0 
0.01332 . — 8800 ” 
0.01397 ” — 9020 90 
0.01484 ™ 9290 RO 
0.01554 " - 3500 170 
0.01687 . — 9910 160 
0.01844 — 10400 150 
0.02005 — 10800 140 
0 02247 . — 11400 130 
0.02541 si —_— 12200 120 
0.03091 = — 13400 110 
0.03978 . — 15200 101 








Por tuning elements atresonance: 
L 
— «0.784 X10 for practical units. 
c 
=0.784 X10" for absolute electromagnetic units 
A TABLE VIII 
)BSERVATIONS FOR RESONANCE CURVES AT TRANSMITTING END OF 


TELEPHONE CABLE LINE, RECEIVING END SHORT-CIRCUITED 
Frequency of generator constant at 38,000 complete cycles per second 











Capacity in Inductance in Equivalent } Pre- Line 
microfarads millihenrys in inductance Wave quency urrent 
n series with series with of the line in length of the r 
nductance at capacity at millihenrys in line 
transmitting end transmitting end som puted meters arcuit 
0.00217 0.818 — “0 
0 00291 . —— 0 
0.00337 . — 40 
0 00384 . - 7) 
0 00428 * - 60 
0 00507 70 
0 00491 80 
0 00516 ad 
0 00539 100 
) 00559 0 
0. 00581 20 
0 00597 e 0 
0.00601 = —- 140 
0 00630 100 
0 00649 4 160 
0. 00661 170 
0.00679 " 180 
0 00604 190 
0.00714 200 
0.00733 . 10 
0.00758 . 220 
0 00850 ° 1.26 230 
0.00894 as 220 
0.00935 ° _ 210 
0 00961 20u 
0 00995 = 90 
0.01031 : - iso 
0.01070 “ - 7 
0.01101 . — ov 
0.01175 ® —- 150 
0.01234 . -— 40 
0 01318 . - 130 
0 01412 ° - 
0.01537 . — 
0.01737 _ w 
0.02033 ° " 
0 02530 ° s 
. 





0.03978 


Por tuning elements at resonance 
=0.963 X1@ for practical units 


= 0.963 X10" for absolute electromagnetic units. 


red lead 155.3 parts, caustic potash 53.1 parts, borax 
6.8 parts, arsenic 0.3 part. (b) Sand 100 parts, purest 
white lead 98.9 parts, caustic potash 14.7 parts, borax 
4.8 parts, arsenic 0.2 part. (c) Ground rock crystal 
100 parts, red lead 154.2 parts, caustic potash 56.2 
parts, borax 6.3, arsenic 0.2 part. (d) Sand 100 
parts, purest white lead 263.3 caustic potash 33.3 par's, 
borax 10 parts. 

Formula for Colorless Strass (according to 
Schrader).—(a) Ground rock crystal 100 parts, red 
lead 25 parts, carbonate of soda 50 parts, calcined 
borax 37.5 parts, saltpeter 11.5 parts. (b) Grouné 
rock crystal. 100 parts, red lead 16.7 parts, carbonate 
of soda 33.3 parts, calcined borax 25 parts, saltpeter 
5.5 parts. 
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Radiant Energy and Matter—VI 


Sir J. J. Thomson's Royal Institution Lectures 


In opening his last lecture of the scries delivered 
at the Royal Institution, Sir J. J. Thomson said 
that he hoped on that occasion to give some account 


of the nature of the “lamps” which emitted the radia- 
tion when a gas was rendered luminous in the vacuum 
tube, and also to discuss the character of the radia- 


tion itself. Waves 1/3 millimeter long had, he went 
on, now been obtained by Prof. Rubens in his experi- 
ments on the long-wave radiation from hot hodies, 
and it was therefore almost within the range of )os- 
sibilty to measure some of these wave-lengths with a 
foot rule. The gap between visible light and the long 
electric waves used in wireless telegraphy was thus 
almost completely bridged. 

Returning to the nature of bright-line spectra, the 
speaker said that, in the last lecture, he had given 


reasons for believing that these lines did not originate 
in ordinary molecu’es, but were yielded only by mo!e- 
cules in a special state. These active molecules were, 
in fact, manufactured by the process which produced 
the luminosity. On the previous evening he had 
shown in that room direct evidence that, in the case 
ef an electric discharge through a gas at a low pres- 
sure, the particles present included not merely or- 
dinary molecules, but also atoms, carrying sometimes 
one and at other times two charges of electricity. 
Aggregates, such as ozone, might also be present and 
even more complex forms than this. Many varieties 
of molecular and atomic arrangements were thus 
present in luminous gas, and it was possible that 
each of the different spectra given by such a gas 
under different conditions of excitement arose from a 
different variety of these molecular aggregates. The 
change in the spectrum with a change in the condi- 
tions of the experiment was particularly marked in 
the case of argon, but most bodies had similar, if 
less pronounced, characteristics. Spectroscopists ac- 
cordingly divided the line spectrum of such elements” 
into series, the lines in a series being classified by 
the fact that they acted alike in a magnetic field; 
that when the pressure was increased the lines of a 
series were similarly affected, or that there were 
groups of double and triple lines. Certain numerical 
relations had been found between the lines of a 
series, the most notable being known as Balmer’s law. 
Balmer found that the wave-lengths of successive lines 
in the hydrogen spectrum could all be calculated by 
the formula 


Cm 
m? —A4 
where \ denoted the wave-length, C a constant, and m 
was in succession made equal to 3, 4, 5, or any other 
integer The formula was a purely empirical one, 
but gave the position of the lines with such accuracy 
that spectroscopists considered the rule more reliable 
than their actual measurements. 
Similar but less simple formule had, he said, been 
found to apply to the spectra of other bodies. 
Denoting by n the frequency of the vibration corre- 
sponding to a particular line, we had, for the hydro- 


gen series, 


1 . ( 4 \ 
——=-€( 1— . 
s aN m ) 


This form of the expression had been modified by 
Rydberg to e 


m 


where (' C and @ were all constants. The constant 
C was, moreover, the same for all elements and for 
all the spectra yielded by any one element. This 
expression gave the frequency corresponding to the 
lines in many spectra with considerable accuracy, but 
the formula of Ritz was stil better. This was as 
follows 


oC 
” CF cms 


3 
m+a+r me 
m 


denoted a new constant. 
A paysical explanation of this equation had been 
Suggested by its originator, which, the speaker said, 


where 


was interesting, though, he thought, not wholly ade- 
quate 

Ritz regarded light as produced by the rotation of 
negatively electrified particles under magnetic forces. 
If such a particle rotated under the influence of such 
forces, it would describe a circle. The magnetic 
force acting would then be H e v; H being the 


Strength 


h of the field, e the charge carried, and v the 


* Report published in Engineering. 


Centinued from Supplement No. 1853, page 23 


velocity of the motion. Equating this to be the cen- 
trifugal acceleration, we had 


Mv 
Hev 
~ 
or 
r M 
vt Hr 
Now since the diameter of the path was 2 r, the 
r 
fraction — was proportional to the time taken to com- 
vD 


plete a circuit. Hence n, the reciprocal of this time, 
or, in other words, the frequency, was proportional 
to the strength of the magnetic force H. 

Ritz considered the magnetic force to be due to 
the action of a number of unit magnets placed end 
to end. Thus, if in Fig. 1, P denoted the position 


A B D 


P<C >» 


of the particle, and A B the first of the series of mag- 

nets, then the force at P due to the neighboring 
1 

pole A was proportional to . The pole B, being 
e 

more distant by unit length, would exert a force at P 


1 
proportional to ——-———, so that the total force at P 
(ec +1)? 
1 1 
would be — ——- 
Ce (c +1)? 


Next, suppose another unit magnet placed adjoining 
B as indicated by the dotted lines. The effect of this 
would be that the pole of opposite sign to A was now 
removed to D, and would thus exert a force equal 

1 
to —. Hence the total force at P would now 
(c + 2)? 


be proportional to 


If more unit magnets were added, the total force would 
be correspondingly modified, and the successive terms 
in Ritz series obtained. 

Without advocating this particular view, the lec- 
turer said he believed that those lines, which showed 
the Zeeman effect, were due to rotation of negatively- 
electrified particles in the magnetic field. Prof. Weiss 
had thus been led to believe that each atom contained 
permanent magnets, each being of the same kind, 
whatever the element in question. On this hypothesis 
he had been able to explain peculiar effects observed 
with iron and other magnetic substances. Prof. Weiss 
had further calculated the moment of these magnets, 
and this calculated moment turned out to be of the 
same order as had been deduced from purely thermal 
considerations by the lecturer. The difference, it was 
true, was of the nature of 2 to 1; but in such calcula- 
tions an agreement even to this extent was very sug- 
gestive. 

There were, the speaker continued, other cases in 
which luminosity arose from the presence of special 
complexes. This he illustrated by showing the thermo- 
luminescence of calcium sulphate having a trace of 
manganese sulphate. Bombarding this mixture with 
the cathode rays, he showed that on subsequent heat- 
ing, even to but a low temperature, it phosphoresced 
brightly; though were it heated prior to the exposure 
to the rays, it would, like any other body, not radiate 
visibly till red-hot. This experiment showed, he said, 
that under the action of the cathode rays something 
was formed which was not previously present in the 
mixture, and these exceptional complexes gave out 
light on reverting to their original constitution. 

Similarly, on passing the electrode less discharge 
through oxygen, ozone would be formed. This was 
essentially unstable, and, if the discharge were 
stopped, would revert to ordinary oxygen, yielding 
light in the process. 

Hitherto, Sir Joseph continued, he had been dealing 
with the producers of radiation, and he now wished 
to say something as to the physical nature of radia- 
tion itself. This, perhaps, might be approached best 
by the analogy of a wave of sound. Mathematically 
considered, the latter was very simple, being ex- 
pressible in terms of the pressure at any point and of 


the velocity across a plane there. No phenomena were 
known which could not be explained by this simple 
mathematical relation, into which the kinetic theory 
of gases did not enter. The mathematics, in fact, 
treated the air as continuous, and not as consisting of 
a great number of particles; yet, as stated, all the 
phenomena of sound could be accounted for by this 
simple mathematical theory. From the physical stand- 
point, however, a wave of sound was so complicated 
a phenomenon that a molecule, if it possessed intelli- 
gence, would not know that such a wave were passing 
by it, unless it took an instantaneous census of ail 
the other molecules. When the wave passed, the 
average velocity of the molecules would be merely a 
little greater in one direction than another, while 
the population at a particular spot would vary slightly 
in density. To such an intelligent molecule as imag- 
ined above, the mathematical treatment would appear 
highly artificial and inadequate, being merely statis- 
tical; yet, as stated, this mathematical theory was 
sufficient to account for all the phenomena of sound, 
as we know them, though it might fail if it were 
possible to get sounds so shrill that the wave-length 
was equal to the mean free path of the molecules. 

Similarly, in the case of light, the mathematical 
theory, on which light was treated as a wave motion 
in a continuous medium, was sufficient for all the 
requirements of optics pure and simple, and only 
seemed to break down in regions where other than 
purely optical effects had to be considered. These 
effects drove us, Prof. Thomson said, to ideas as to 
the nature of a light wave, much more complicated 
than was called for by optics. Instead of a continuous 
wave, a beam of light was thus better represented by 
bright specks on a dark ground, of which we merely 
perceived the average effects, so that optics pure and 
simple was merely another branch of the science of 
statistics. 

Evidently, if the light wave were continuous, the 
whole of the space traversed would be filled with the 
energy the light carried with it, and the maximum 
energy in a particular spot would be less than if the 
energy were concentrated into isolated specks. Treat- 
ing the wave as continuous, it was possible to calcu- 
late the maximum value attained by the energy, and 
by the electric force, and this, then, turned out to 
be far from sufficient to account for certain effects. 
Thus, if a negatively charged plate were exposed to 
ultra-violet rays, it lost its charge; owing to the Pact 
that the light caused negatively-charged corpuscles to 
shoot off the plate. The speed of these particles could 
be measured, and the time taken to give them their 
actual velocity calculated, on the assumption that the 
electric force was the maximum it could have, on the 
hypothesis of a uniform distribution of energy on 
the wave-front. It then appeared that the time needed 
to generate the actual velocity observed would be 
equivalent to billions and billions of vibrations. Hence 
the conclusion was reached that the maximum electric 
force in light must be much greater than if it were 
uniformly distributed. 

Further, it was well known that, given sufficient 
time, the feeblest light would affect a photographic 
plate. The intensity of such light could be reduced 
until the electric force, calculated on the hypotheses 
of uniform distribution, was less than 1/1000 volt 
per centimeter, and still the plate would be affected. 
If, however, a similar plate were exposed to the direct 
action of electric forces of this intensity, it was un- 
affected. Here again, the natural conclusion was that 
the feebler light had merely fewer of the bright 
specks than the stronger, but that the energy of each 
individual speck was the same. 

In a previous course of lectures the speaker had 
shown, he said, that if an ionized and saturated gas 
were suddenly expanded, a cloud would condense on 
the ions. Within the last few weeks Mr. C. E. T. 
Wilson had succeeded in a most remarkable experi- 
ment, in which this cloud was formed in a film of 
air between two plates. When produced in this way, 
no lateral eddies were stirred up, and this had enabled 
Mr. Wilson to detect the effect of each particle sent 
into the gas by a fragment of radium at the moment 
the expansion of the air was effected. Each particle 
then left a trail, and these trails ran back like spider 
lines to the radium particle. Repeating the experi- 
ment with Réntgen rays, which had the same physical 
character as light, similar effects were observed, the 
radiation showing no approach to uniformity. This 
seemed to furnish yet further evidence, irreconcilable 
with the idea that the energy in a wave of light was 
uniformly distributed. 
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Municipal Milk Supply in Germany 


The Remarkable Institution of the City of Dresden 


Tere is a general tendency in most of the cities of 
Germany to place the most important branches of pub- 
lic service under municipal control. Another step 
toward this growing centralization has been taken by 
the city of Dresden, where a large institution has 
been founded to handle the milk supply for the popu- 
lation This institution, which is the largest of its 
kind in Germany, may be held up as a model in point 
of equipment, cleanliness and elegance Every con 
dition for the proper preservation of milk and its 
products has been fulfilled with scrupulous care 
Such centralization offers very particular advantages 
in the handling of so important a staple food material 
as milk Every producer has, as it were, a share in 


the ownership of the central plant, and therefore takes 


By Dr. Alfred Gradenwitz 


While it is mainly intended to supply the city of 
Dresden with high-grade unskimmed milk, the muni- 
cipal dairy also has ample provision for working 
skimmed milk into curds and cheese, churning butter, 
etc The basement contains the churning hall and 
cold storage room, as well as accommodations for the 
manufacture of cheese, cream and ice. The central 
pumping plant is also located here. The churning 
hall is a well-lighted room of imposing size, thor- 
oughly cooled and ventilated. The walls are lined 
with neat Dutch tiles. The churns are of the Hol- 
stein type, and there is a granite butter-kneading ma- 
chine, in which the buttermilk is pressed out of the 
butter. The churning tables are of Belgian marble, 
and the floor is laid with slabs. The butter is prac- 


various utensils, vessels, bottles, etc. The water is 
drawn from a well 148 feet deep and capable of ra's- 
ing 1,320 gallons of excellent water per hour. On th 
ground floor is located the immense receiving rooin, 
which impresses one most favorably by its bright and 
cheerful appearance and its scrupulous cleanliness. 
After the milk has been received from the producers, 
it is separated into two lots, that to be sold un- 
skimmed and milk to be skimmed. Each of these is 
collected in a separate reservoir. The rich milk is 
thence conveyed by pumps to a raised tank, whenc: 
it flows by gravity to the centrifugal purifier, the 
pasteurizer, refrigerator and cold tank. From the 
last the milk is drawn into bottles and vessels 
which are then hermetically sealed. 




















a keen interest in its prosperity; and inasmuch as 
prices are fixed according to the fat contents of the 
milk, he will obviously put forth his best efforts to 
supply a product as rich as possible, thus improving 
the output of the plant and thereby increasing to the 
maximum attainable the bonus distributed among the 
members of the producers’ association. 

It is a matter of common knowledge that milk, 
under certain internal and external influences, is sus- 
ceptible of undergoing various transformations. If 
allowed to stand, it becomes covered with a yellow 
layer of sweet cream, which is merely a collection of 
fatty particles, and which is converted, by churning, 
into butter, leaving a residual liquid called butter- 
milk. The fact that milk is Hable to turn sour is 
ascribable to the conversion of its sugar into lactic 
acid, and as this process depends on the presence of 
oxygen (air) and micro-organisms, the decomposition 
of milk to be marketed in a sweet condition can be 
prevented by a cold or hot treatment or a combina- 
tion of both Actual boiling, as practiced in the 
household, is neither necessary nor profitable, as the 
alterations thereby induced in the milk tend to reduce 
its nutritive value. 


THE CHURNING BOOM 
MUNICIPAL MILK SUPPLY IN GERMANY 


tically untouched by iuman hands until it comes to 
be cut into pieces. It is kept absolutely fresh in three 
large well-cooled storage rooms. There is a cream 
room with two large tipping tanks for tempering and 
acidulating the cream, and a special bottling room for 
the buttermilk. The hall in which the cheese is made 
is illuminated with dim blue light, as this has been 
found to be the best means of keeping out flies and 
other pests. The ice plant works on the carbonic acid 
process, and at the same time furnishes the cold brine 
which is distributed by pumps to the various rooms 
to be cooled. The refrigerating plant has a capacity 
of 240,000 B. T. U. per hour, and serves a threefold 
purpose, namely, for refrigerating the milk and cream 
to be sold, for generating ice, and for cooling the milk 
and butter stores. The ice is made by immersing in 
cold brine sheet metal vessels filled with water. The 
ice blocks so prepared are passed directly through 
windows to the delivery vans serving for transport 
of the products to the consumers and to the branch 
stations. 

Another noteworthy installation located in the base- 
ment is the pumping plant, which amply covers the 
needs of the total water consumption for washing the 


The milk to be skimmed undergoes a similar se 
quence of operations. It is raised to an elevated tank 
whence it flows through a pre-heater to a separator 
in which the separation into skimmed milk and crean 
takes place. Both products are passed through 
pasteurizers, whence they flow through coolers into 
storage tanks. The cream is then divided, one po! 
tion being stored in tanks for sale, while anothe: 
passes to the cream-maturing tubs of the churning d: 
partment. The skimmed milk—which is not sold—i 
carried off to the cheese tubs in the basement. Ar! 
important feature of the arrangement thus described 
is that the milk is pumped only once. This greatly 
facilitates its sanitary manipulation, so that a mil! 
practically free from microbes is obtained. Specia 
attention is bestowed upon the supply of infants’ milk 
which is obtained under special measures of preca' 
tion from the stables of the veterinary school. Thi 
milk is handled separately in a special room provided 
in the basement and equipped with all the necessar 
apparatus. 

Adjoining the hall is a room in which all the ves 
sels used in transporting the milk are cleansed wit 
scrupulous care. The method employed is to soak the 





skit 
mil 
thre 
mil 
con 
shu 
onl 
vie 
ing 
ato 
offi 
hal 
wh. 


plo 
ing 




















15, 1911 





Jury 


n hot soda solution, steaming them, and 


jn cans 
wn fresh water. The bottles are passed 
through © special machine which cleanses them both 
inside out. The plant has a capacity of 4,500 
pottles | hour. 

The enzine room contains two steam engines, one 
of 100 se-power capable of furnishing the entire 
energy rjuired for operating the plant, and a smaller 
25 horsé wer unit for reserve. The two engines can 
also be rked concurrently. The exhaust steam is 
utilized for heating water for rinsing and washing, 
etc. The condensed steam is collected and fed back 
to the boiler. There are two double-flue boilers, with 
a heating surface of 540 square feet each. These have 
peen so designed that their capacity may be doubled 
at some future date. When working at its normal 
capacity the plant will skim 990 gallons per hour, and 
at the same time turn out for sale an equal amount of 
rich milk, thus giving an aggregate output of 1,980 
gallons per hour. 


The salesroom is located on the ground floor and is 


a perfect model of cleanliness. Adjoining it is a ter- 
race with seating accommodations for customers who 
come in to drink milk on the preméses. 
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ized with advantage by placing in it an elevated cold 
water tank, fed from a special pumping plant. 

The dairy producers who supply the milk to this 
central plart have to conform to most stringent regu 
lations drawn up in accordance with the requirements 
of hygiene. 


The 1911 Convention of the American Rail- 
road Master Mechanics Association 
By R&eInaLp Gorpon. 

Tue American Railway Master Mechanics’ Associa- 
tion held its 44th annual convention at Atlantic City, 
N. J., on the 14th, 15th and 16th of June. As is gen- 
eral y known, the proceedings of this body represent 
the yearly progress of the motive power departments 
of the railways of the United States and Canada. 
Topics for investigation and report are assigned to 
committees, the members of which secure the data and 
report upon them at the next annual convention. The 
work of the Association has led to valuable results, 
has assisted tremendously toward the standardizing 
of the design and construction of locomotives; and in 
conjunction with the laboratory of Purdue and other 
technical institutions, is able to supplement service 
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During the past three years, several types of me 
chanical stokers were built and tried out in road serv- 
ice. Many circumstances existed to prejudice railroad 
men against their use. Liability to get out of order, 
unfamiliarity on the part of the firemen with the 
details and with the efficient management of these 
devices, the fact that some types required the coal to 
be shoveled into a receiver or hopper, thus still in- 
volving severe labor; in addition to which, the very 
fact that the mechanical stoker could feed more coal 
than the human stoker, and so increased the coal con- 
sumption of the locomotive, all combined to make mo- 
tive power officials act cautiously, and give, up to this 
year, only partial indorsement of the machines for 
actual road work. At the recent convention, however, 
the report upon this subject brought out the fact that 
the machines have been simplified in design and 
strengthened in construction; that on roads where 
firemen are instructed in their use and taught how 
to take care of them and keep them in working order 
on the road, they are regarded as successful, because 
they feed the coal as fast as demanded by the work 
the locomotive is doing, maintain the steam pressure, 
and for these very reasons, haul a greater tonnage 

















THE BOOM 


The rooms containing the centrifugal machine, 


skimmers and other apparatus used in working up the 


milk are situated over the cold storage room. The 
three oolers (one each for unskimmed milk, skimmed 
milk and cream) are located on a glass-inclosed bal- 
cony in receiving hall, and are thus completely 
shut off from outside air. This arrangement is not 


only eminently satisfactory from a practical point of 


view, but in point of fact also presents a very pleas- 
‘ng appearance. A short corridor leads to the labor- 
atory in which the various tests are carried out. The 
Office rooms, the director’s room, and the conference 
hall are located as far as possible from the some- 
what noiss dairy service. 

There a@ number of rooms set apart for the em- 
Ployees erators, and elaborate bathing and wash- 
Mg accommodation is provided, particular attention 
to this point being absolutely necessary if the high 
standard leanliness essential in the work is to be 
Maintained. There is also a laundry in which all the 
linen used in the institution is washed, dried and 
Mangled. 


The tower of the milk supply building has been util- 


IN WHICH THE SHIPMENTS OF MILK ARE RECEIVED 
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results on the road with exact data secured from a 
locomotive on a testing plant where all facilities for 
exact observation are available. 

The most important topics upon which reports were 
submitted and discussions held this year were Me- 
chanical Stokers for locomotives, superheated steam, 
safety appliances and smoke prevention. The need 
of a mechanical device to help the fireman put coal 
into the firebox began to make itself felt about four 
years ago, when the Mallet articulated compound loco 
motives came into use. These enormous moving power 
pants, exerting a tractive effort nrore than twice as 
great as that of the largest consolidation locomotives 
previously used, and with boilers having upward of 
5,000 square feet of heating surface, demand coal at a 
faster rate than can be shoveled by any human being 
efficiently and intelligently for more than short periods 
of time; and to operate such large locomotives at 
maximum power there must be either two firemen em- 
ployed, which is out of the question on the score of 
expense and division of responsibility, or a machine 
provided that will feed the coal inte the firebox as 
fast as it can be burned. 


than a hand fired locomotive of the same type. Cost 
of maintenance of the stoker is as yet not determined 
with any exactness. 

In one kind of stoker in successful use, the coal is 
taken from the tender by a mechanical conveyor and 
pushed into the firebox by a reciprocating device oper- 
ated by steam cylinders secured under the cab deck. 
This is the “underfeed” type. The coal, if in lumps, 
must be broken to proper size by the fireman, and 
pushed, rather than shoveled, into the conveyor; but 
aside from the necessity of adjusting the operation of 
the.stoker engine to the work the locomotive is doing, 
the fireman’s labor is not hard; and he can get more 
ton miles hauled than if he attempted to fire the same 
locomotive by shovel alone. 

In another type of stoker, the coal in the tender is 
fed into a crusher operated by a sma’! steam engine 
installed in one of the legs of the tender tank. From 
this crusher, the coal runs down a short incline that 
terminates in a bucket conveyor secured to the back 
end of the boiler and extending down under the deck. 
This conveyor is inclosed in a pipe or conduit, some 
7 or 8 inches in diameter, and is also operated by a 
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small steam engine attached to the boiler head. The 
conveyor lifts the coal to a point about two feet higher 
than the top of the ordinary firedoor and feeds it into 
two chutes extending downward and terminating in 
spouts projecting into the firebox. The motion of the 
coal is assisted and its distribution acce’erated by 
steam jets that are introduced back of the delivery 
spouts. The combustion of coal is in the same manner 
promoted with a minimum amount of smoke. 

In several months’ service, these stokers have given 
satisfactory results when intelligently operated; but 
in the course of the discussion at the recent conven- 
tion, it was brought out that in order to obtain greater 
efficiency of operation of the locomotives to which 
stokers had been applied, it is necessary to educate 
firemen to an understanding of their use, as would 
be required with any new device placed in their care. 
When this is done, the performance of locomotives can 
be judged on the ton-mile basis, rather than on the 
miles run to a ton of coal basis. Several members of 
the Master Mechanics’ Association stated that in their 
experience, an efficient y handled mechanical stoker 
with the average train does not burn any more coal 
than is consumed by the same engine when hand-fire1 
by the most skillful fireman. When the comparison is 
made in the case of an engine forced to its maximum 
tractive effort, the mechanical stoker will show an 
economy of coal burned per ton mile, because it feeds 
the coal efficiently, uniformly and in greater quantity 
than a fatigued fireman, who has been able to exert 
his maximum power for a short time only, can do. 
The general opinion seems to be held that in order 
to utilize the maximum power and secure the greatest 
operating efficiency with the recent types of Mallet 
and Mikado locomotives, some form of mechanical 
stoker must be used. 

Another subject that has received increasing interest 
and attention and that was reported on at Atlantic 
City is the use of superheated steam in locomotives. 
For several years, European engineers have recognized 
the advantage and economy of steam heated to a tem- 
perature higher than its saturation point for a given 
pressure, securing a saving of coal as compared with 
engines using saturated steam, and also using the 
steam more effectively. A large number of locomotives 
equipped with superheaters are running in Belgium, 


Germany, France, Austria and Sweden. About five 
years ago the Canadian Pacific Railway adopted the 
superheater, trying several kinds, and having finally 
settled upon one type as best fitted to the conditions 
of their service, have now about 200 superheater loco- 
motives in regular use. 

It is only recently, however, that serious attention 
has been given to this question in the United States. 
Two general types of superheater have been tried, the 
one giving a low, the other a high degree of super- 
heat; and the weight of opinion at the recent conven- 
tion seemed to be in favor of the latter. The Schmidt 
superheater, very generally used, consists of a series of 
small diameter tubes taking steam from a receiver at 
the smokebox end of the dry pipe, which tubes are 
placed inside of flues five inches in diameter that are 
set in place of the usual smoke flues between firebox 
and smokebox. The small tubes are doubled back on 
their length, so that the steam passing through these 
tubes, exposed, as they are, to the direct contact with 
the hot gases in the smoke flues, becomes superheated. 
Being superheated by its passage backward and for- 
ward again through the small tubes, the steam enters 
the other side of the receiver in the smokebox, whence 
it passes through steam pipes to the valve chests in 
the usual manner. A number of the two inch tubes of 
the boiler must be removed in order to equip a loco- 
motive for superheating; the space occupied by the 
two inch tubes being taken up by the insertion of 
from twenty to twenty-five five-inch tubes. The tem- 
perature of the steam delivered to the valve chests is 
from 200 to 250 degrees higher than that of the sat- 
urated steam at the same pressure; and it is this ad- 
ditional heat energy possessed by superheated steam 
that effects a coal consumption economy of from 15 to 
30 per cent according to circumstances. Experiments 
on testing plants as well as carefully checked results 
in road service show that this fuel economy is, if re- 
garded in another light, an actual increase in the 
power that the superheated steam !‘ocomotive can 
exert. It is estimated that there are now about two 
thousand such locomotives either in service or under 
construction in the United States and Canada. 

The Atlantic City convention a’so had a thorough 
discussion on safety appliances, such as steps and hand 
holds, running boards and tank ladders as required 
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on various classes of locomotives. The questions of the 
inspection and testing of boilers, and reports thereon, 
were also taken up. There are both Federal ang 
State laws covering boiler inspection, but confusion 
exists as to compliance with several statutes, differing 
chiefly in the detail of the mode of conducting tests, or 
in the acknowledgment and responsibility for the re 
port of such tests. 

Master mechanics feel that it would be simpler, and 
involve less clerical labor, if only the United States 
law were effective, thus controlling all roads equa ly; 
and are entirely willing to conform to the law if the 
various States through which their lines run wil! jet 
them alone in this respect. 

Another matter that furnished much interest in dis. 
cussion was the question of smoke prevention. In 
nearly all cities ordinances exist forbidding the pro- 
duction of black smoke by !ocomotives, and in some 
localities smoke inspectors are exceedingly active, 
with the result that with switch engines, a class of 
service where smoke prevention is very difficult, the 
roads are frequently subject to fines and penalties, 
One difficulty that confronts the railroad men is the 
inaccuracy of observation on the part of inspectors, as 
well as the somewhat imperfect standard or criterion 
of what constitutes black smoke. There seems to be 
no way out of the difficulty at present, and the Ringel- 
mann system of smoke comparison was considered un- 
satisfactory by more than one member. 

Reports were also presented on the best design of 
main and side rods to render them safe against break- 
age. Some roads have experienced so much trouble 
from broken side rods of 1 section that they have 
reverted to the use of rods of rectangular section. 
Others have found that by putting more work on the 
rods in forging, the milling out of the channels on 
each side of the web still leaves the latter composed 
of tough, uniform, thoroughly worked metal. 

Several members reported in favor of using grease 
or oil on locomotive flanges, finding that it prevents ex- 
cessive flange wear on crooked track. In one case an 
engine is said to have run 60 per cent longer mileage 
between turning of driving wheel tires, after using 
flange lubrication. There was not very general inter- 
est shown in this subject, in spite of the excellent re- 
sults shown in the foregoing test. 


Power Plant Betterment 


A General Statement of the Problem 


In this paper is undertaken a brief discussion of 
some of the problems which arise in the work of 
power plant betterment, by which term is meant im- 
provement in economy of operation and maintenance. 
While the discussion will, in the main, be of a gen- 
eral nature, and therefore applicable to power plants 
if general, it is particularly applicable to the steam- 
driven electric power plant of the public service 
company of moderate size. 

The general tendency toward consolidation has ex- 
tended to power plants, and many of the smaller ones 
have been replaced by large central stations of mod- 
ern design, operated by high-priced men and with 
great refinement. There are, however, many of the 
smaller plants which for good and sufficient reasons 
are still in operation and which must be operated 
in the future. In the face of the upward tendency of 
wages, cost of apparatus and materials and the down- 
ward tendency of rates and increasing demands for 
improved service, the public service company of to-day 
is in a position where the question of economy all 
along the line, and particularly in that most im- 
portant part of the property—the power plant, is one 
of vital importance. 

A casual inspection of one of these small power 
plants will usually reveal a more or less heterogeneous 
collection of apparatus and machinery, some of which 
dates back to the early days of the business. In other 
words, the plant is by no means modern and up to 
date. This, together with the fact that such a plant 
is usually operated by a force of engineers and fire- 
men of only ordinary intelligence and ability, might 
naturally lead to the conclusion that, even under 
most favorable conditions, high power costs are to be 
expected. 

On the other hand, a careful and detailed examina- 
tion by an expert in power station operation will 
almost invariably reveal many features which are 
capable of marked improvement, enabling the expert 
to report recommendations which, if properly carried 
into effect, will result in material reductions in costs 
of manufacture and maintenance, and all this to be 
accomplished without the expenditure of a large 
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amount of money for revamping the plant. 

It has just been said, that the improvements will 
follow if the recommendations are “properly carried 
into effect.” This is a most important point to be 
borne in mind in any attempt to increase the economy 
of a power plant. It is a simple matter to employ 
a competent expert, allow him to make such examina- 
tion and tests as will enable him to calculate possible 
savings, and make detailed recommendations and give 
instructions as to how the possible savings may be 
secured. If the betterment work stops here, little 
will be accomplished, for the simple reason that the 
man who must carry out the work—the chief engineer 
of the plant—uniless he be an extraordinary man for 
the position he occupies, will not have sufficient ca- 
pacity and initiative to enable him to get the desired 
results. It will be necessary to retain the expert for a 
sufficient length of time to enable him, by detailed at- 
tention to the actual operation of the plant, under 
regular working conditions, to not only demonstrate 
the correctness of his recommendations but also to 
instruct the power plant organization, to such an 
extent as will enable them to continue the work after 
the expert leaves. As above stated, this is a point of 
great importance. It has rot been sufficiently appre- 
ciated in many instances, with the result that much 
money has been wasted on engineering work and a 
feeling of distrust has been created in the minds of 
the owners in regard to expert work, because the de- 
sired results did not automatically follow the expert’s 
examination and report. In other words, power plant 
betterment, like everything else, if undertaken along 
proper lines, will produce satisfactory results, but not 
otherwise. 

In undertaking the betterment of operating condi- 
tions in a power plant, attention should first be given 
to the personnel of the operating force. Desired re- 
sults cannot be obtained by incompetent men. It goes 
without saying that the chief engineer, who must be 
primarily responsible for what takes place in the 
plant, should be a man of both operating and execu- 
tive ability, capable of enforcing strict discipline. He 
must be capable of receiving instruction, as must also 
the other members of the force. Each man who does 
not possess the possibility of becoming a thoroughly 
efficient and alert member of the force should be re- 


placed as soon as possible. Most careful study will 
be required in arriving at correct conclusions in refer- 
ence to each individual of the operating force in order 
that justice may be done. It not infrequently happens 
that certain men develop unexpected ability as they 
gradually become familiar with the methods by which 
actual improvements are brought about. Furthermore, 
every reasonable opportunity should be given the ex- 
isting employees to measure up to the new require- 
ments in order to avoid the demoralization to the 
organization which would be caused by the needless 
discharge of men. Under the improved conditions the 
general tone of the power station force should improve 
in a marked degree, and in place of indifference and 
lack of ambition should be found alertness, efficiency 
and a greatly increased interest in the work, all of 
which are necessary to success. 

A thorough physical examination of the plant 
should be made and immediate steps taken to correct 
such defects as can be remedied without excessive cost. 
Starting in the fire room, for instance, boilers will be 
thoroughly overhauled and cleaned, leaky tubes re- 
placed, blow-off cocks and valves made tight, gage 
glasses and dampers put in order, air leaks in boiler 
settings removed, furnace linings, bridge walls and 
grate bars put in order, safety valves adjusted and 
steam gages calibrated, etc. 

The work will continue in like manner to the en- 
gines, paying particular attention to valve setting, 
steam piping, pumps, condensers, heaters, oiling sys- 
tem and electrical machinery, apparatus and wiring 
and all other parts of the plant. 

In connection with this general overhaul of the 
machinery, all gages, meters and measuring instru- 
ments should be calibrated and tested, so as to give 
accurate information regarding the operation of the 
plant. 

Attention should also be given to the matter of 
tools, and it should be seen that a suitable assortment 
is provided, both for the engine-room and the fire 
room. 

Finally, the station should be thoroughly cleaned 
and all housekeeping matters given proper attention, 
for while, theoretically, there may be no connection 
between cleanliness and economy, a dirty, ill-kept plant 
indicates inefficiency. 
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With the physical plant in good working condition 
and the power plant crew in an alert and receptive 
mood, the details of operation may now be taken up. 

All firemen will be individually instructed in the 
handling of the particular coal in use; the use of 
proper|; designed fire tools, the proper operation of the 
dampers and proper control of the draft. A thorough 
course of training along these lines will usually be 
found necessary, and it will be further necessary to 


instruct the chief and waich the engineers in every 
detail of the proper handling of the fires in order 
that they may be able to maintain intelligent over- 
sight of the fire-room. 

Special attention will be given to the maintenance 
of boiler pressure and temperature of feed water, in 
order to avoid the usual fluctuations which so largely 
affect station economy. Recording pressure gages and 
feed water thermometer and a bulletin board in the 
fire room, on which are posted the coal consumption 
and pressure records of each watch, will serve a useful 
purpose in exciting rivalry among the men. It is in 
the fire room that money, in the shape of fuel, is 
actually burned. At this point the fuel, which is the 
source of power, is consumed. It is essential that no 
detail which will affect fire room economy should be 
overlooked. An operating engineer can profitably 
spend a good portion of his time in intelligent personal 
supervision of the fire room operations. 

Presumably the engineers will understand such 
matters as the starting and stopping of their engines 
and generators; nevertheless, the attention of the ex- 
pert should be carefully directed to the engine room. 

It is of importance to provide operating schedules 
so that the varying conditions of load may be met by 
the economical use of apparatus; in other words, so 
as to avoid the use of three boilers when two are suf- 


ficient, and so on. A most careful study of the load’ 


conditions will be made and charts prepared which 
will show clearly just what combinations of apparatus 
and machinery should be used to meet the various 
conditions of load, the idea being to so arrange the 
schedules that each piece of apparatus, when in use, 
will be operated as nearly as possible at its point of 
maximum efficiency. 

A carefully designed station log will also be pro- 
vided which will contain the daily operating data 
of the plant recorded in a systematic manner. In 
such a station log it is very desirable that the main 
facts, such as coal consumed per kilowatt hour, water 
evaporated per pound of coal, etc., be shown so clearly 
that the manager of the company, by spending a few 
minutes daily in the study of the station log, may 
fully acquaint himself with the daily operations of 
his plant and be in position to intelligently discuss 
matters with his chief engineer. 

The coal question is one of the most important, and 
one of the most troublesome, which is encountered in 
power plant operation. The quality of coal must neces- 
sarily depend, to a certain extent, upon the location of 
the power plant as related to the sources of coal sup- 
ply. It will be found profitable to have a careful in- 
vestigation made of the possible sources from which 
coal may be secured at reasonable prices. Many data 
should be gathered regarding the analysis of the vari- 
ous coals available and that coal selected which will 
meet local conditions with best results. While not 





always practicable, it is none the less desirable to pur- 
chase coal on the analysis basis under carefully drawn 
specifications which provide for forfeiture and bonus 
according to whether the coa! falls short of or exceeds 
the requirements of the contract. Under such a con- 
tract an analysis of each shipment of coal is neces- 
sary. Where the annual consumption is comparatively 
small, it is not practicable to purchase coal on the 
analysis basis, in that event the best that can be 
done is to buy it of responsible dealers who handle 
the best coal to be had under the circumstances. 

The accounting for coal purchased, while seemingly 
simple, proves in practice more or less troublesome. 
Coal is frequently purchased and paid for according 
to bill of lading weights. The consumer is liable to 
suffer shortage under this method of purchase and to 
start out with substantially less coal in his coal pile 
than is called for by his books. It is obvious that 
ultimately the cost of the coal consumed must check 
with the cost of coal purchased, and in order to 
bring about this agreement, frequent checks between 
station records, coal on hand and fuel accounts are 
necessary. It will be found desirable to arrange prop- 
er scales for weighing in bulk the coal which comes 
into the yard, and if a contract for purchase can be 
so arranged as to make payments on basis of com- 
pany’s weights, one question of coal shortage will be 
removed. Bins should be provided which will enable 
the coal supply to be accurately measured at any 
time. Then the coal passing into the fire room must 
be carefully weighed and weights recorded. With these 
data at hand and this system carefully followed, 
there is no excuse for coal shortage. 

Proper and systematic maintenance is an important 
part of power plant betterment work. It is not in- 
frequently the case that the maintenance of a plant 
is handled in a haphazard fashion and that full value 
is not received for the money expended. It is not 
sufficient to wait until something breaks before giving 
it attention, for the breakdown may occur at a time 
when the machine is needed to maintain continuous 
service, to say nothing of the excess cost of repairs 
over what would probably have been the case had the 
condition been anticipated and the break avoided. Low 
cost of maintenance does not always indicate thor- 
ough or economical maintenance, for while it may be 
possible to run for months on abnormally low main- 
tenance costs, the time will come when the accumula- 
tion of deferred maintenance will produce a condition 
of affairs which will require excessive expenditures, if 
not for new apparatus, certainly for the overhaul and 
repair of the old. It is, therefore, desirable to prepare 
a proper maintenance schedule which shall be care- 
fully and conscientiously followed by the operating 
force. Such a schedule will set forth definite dates 
for the inspection of all apparatus; the schedule to 
be so arranged that each and every part will receive 
periodical attention as often as is necessary to keep 
it in good operating condition. The history of such 
systematic maintenance is of value to those in charge, 
as it will enable them to pursue the work with great- 
er intelligence and expedition. A log book should, 
therefore, be used in connection with the maintenance 
schedules, and in this log book should be carefully 
recorded, in detail, the results of all inspections, re- 
pairs, adjustments, etc. By the aid of this log and a 
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careful adherence to the schedule, proper maintenance 
of every part of the plant will be secured and unex- 
pected breakdowns practically avoided. In the ordin- 
ary plant, with its usual lack of reserve apparatus, 
continuous service, which is so necessary to success, 
cannot be expected if proper and systematic mainte- 
nance is neglected. 

What may be expected as the result of this power 
plant betterment work? First: Accurate knowledge of 
the maximum efficiency of which the particular plant 
under consideration is capable. Second: The securing 
of this efficiency through the efforts of a well trained 
efficient operating force. Third: Systematic and eco- 
nomical maintenance producing maximum life of 
apparatus and continuity of service. Fourth: In case 
of failure to continue to produce results, a knowledge 
of the reason why. 

Experience has shown that the saving in power 
costs, resulting from power station betterment work, 
will cover the cost of the necessary expert services in 
connection with the same in a comparatively short 
time, depending, of course, on the amount of saving 
effected. 

The continued operation of a power plant under 
the conditions established by successful betterment 
work, by which maximum economy in operation and 
maintenance are secured, calls for most active and 
energetic work on the part of the operating force. In 
fact, from the manager of the company all along the 
line down to the coal passers in the power plant, 
every man must work under high pressure. After the 
novelty of the improved condition wears off, the opera- 
tion of the plant becomes not only monotonous but 
exceedingly strenuous. It is so much easier to slip 
back a little than to maintain the required pace, that 
frequent checking of the plant operation is necessary. 
The manager must give his personal attention to this 
matter, and he will doubtless be surprised to note the 
effect of his failure to carefully follow up the matter 
ef daiiy checking of the plant, if for any reason it 
becomes necessary for him to temporarily discontinue 
his critical study of the daily station log. It will re- 
quire his constant study, criticism and encouragement 
te keep the operating force in the power plant keyed 
up to the work required of them. 

In spite of all reasonable efforts, it is very likely 
that the economy of the plant may gradually decrease 
because of a combination of little things which creep 
into the operation of the plant unnoticed by the engi- 
neers. This has been noted in actual experience and 
has led to the belief that a periodical power plant 
audit by a competent expert is necessary just as it is 
found necessary to periodically audit the accounting 
department. Such an audit will require much less 
time than for the original examination, especially if 
both examinations and audit are made by the same 
man, and should not, therefore, be very expensive. 

It should not be inferred from what has just been 
said regarding the daily check and periodical audit 
that the economical operation of a power plant is im- 
practical because of the detailed attention required 
on the part of the management and operating force. 
Not only has experience proved the contrary to be 
true, but results have clearly justified the trouble and 
expense. Power plant betterment work has come to 
stay. 








PocKet Cigar Lighters 
Pocker cigar lighters are of two types, which are 
ignited respectively by fulminating caps and of ferro- 
cerium. The fulminate type, which is the older, is 
shown in Fig. 1. One half of its thickness is occu- 
pied by a flat kerosene lamp KN, the wick of which 
is covered by the extinguisher L when the lid is 
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Fic. 1—FULMINATE LIGHTER 


closed. This lamp slides in longitudinal grooves, so 


that it can be removed for filling. The fulminating 

<—s are attached to a strip of paper which is auto- 

pated uncoiled from the well H and wound up on 
e 


: drum F, by the opening and closing of the lid. 
n its course the paper slides by the guide P and 
over the anvil D. 


. = apparatus is operated by pressing the button 
- This releases the lid, which flies open under the 


influence of a powerful spring, carrying with it, by 


means of the catch M, the free end of a hammer. 
which turns on a hinge at B. As this hinge does 
not coincide with that of the lid O, the catch M re- 
leases the hammer after raising it to a certain 
height, and the hammer, impelled by a spring, falls 
and explodes the cap lying on the anvil D almost in 
contact with the wick of the lamp, which is thus 





Fic. 2.—FERRO-CERIUM LIGHTER 


lighted. In the action of closing the lid a ratchet 
attached to the drum F is advanced one tooth by the 
motion of the paw! EZ, and a fresh cap is thus brought 
under the hammer, which has now been slightly 
raised by the catch M. 

The ferro-cerium cigar lighter makes use of the 
remarkable facility with which sparks can be pro- 
duced by friction from an alloy of iron and cerium 
discovered by Auer von Welsbach. In this ap- 
paratus (Fig. 2) the lamp is placed at the bottom, 
thus diminishing the thickness. A block of ferro- 


cerium E is pressed against a steel rasp BC on the 
drum D by one end F of a spring FGH. This spring 
is fastened at G and its other end H tends to open 
the lid. The drum D is connected with the lid by 
the link A and is turned in opposite directions by the 
opening and closing of the lid. In the latter opera- 
tion no sparks are produced, owing to the ratchet-like 
construction of the rasp and its comparative slow- 
ness of movement, but when the lid, released by 
pressing the button J, is thrown open suddenly by 
the spring H, the rapid motion of the rasp in the 
opposite direction in contact with the ferro-cerium 
generates a shower of sparks which light the lamp. 
La Nature. , 


Defective German Teeth 
Accorpine to the records made concerning defective 
teeth among the German recruits in the years 1901-03, 
the proportion was as follows: 


re ee Pere eee 6.4 
Building occupations «..........+.++4+: 7.1 
CRADERE onc cccccccnccccesevccsseoncess 7.1 
Brewers and bar-keepers, each ......... 7.6 
Heavy hand workers .......--.seseee+s 7.8 
SN oso 54h co Wetc occcccetsnsevenenéase 7.8 
Butchers and ordinary laborers, each... 8.0 
Better grade of workmen; and domestic 
SES sn wee cdnne bine sesveunseaes 8.9 
Waiters and cooks, each ..........+.+. ¢ Ba 
Braim-WOrkerS occ cccccccccccccccscccce 9.6 
Elbe watermen (from districts where 
there is no lime in water).......... 11.3 
eT Terre rrr Ts rt rye sre 11.8 
ConfectionerB .....ccscccccccssccecccce 15.6 
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Calcutta and Her Water Supply 


A Novel Elevated Reservoir of 9,000,000 Gallons Capacity 


By the English Correspondent of the Scientific American 


Tue problem of insuring an adequate supply of 
drinking water is apt to be most perplexing in tropical 
countries. Probably the most remarkable solution of 
the problem is the new reservoir that has been com 
pleted recently in Calcutta in connection with the 


r- 








ground reservoirs of three, four and six million gal- 
lons respectively. The water is pumped from these 
points into the service mains to secure the requisite 
pressure during certain hours of the day. 

But the great difficulty in connection with the water 
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THE ENGINEER'S SHACK ON THE FLOOR OF THE GREAT TANK, SHOWING THE 


TYPES OF FLOORING 


water supply plant for the Indian metropolis. This 
is a massive elevated tank capable of holding, when 
full, 9,000,000 gallons of water 

Cacutta draws its water supply from the River 
Hooghly, the intake being about 12% miles distant 
from the city. Here are immense filtering facilities 
extending over an area of 21 acres, from which the 
water is pumped afterward through two mains of 42 
and 48 inches diameter respectively to Tallah, a north 
ern suburb of the city. From this center the water is 


distributed to various points, there being three under 


supply of this city was to secure an economical, ade- 
quate distribution, owing to the fluctuations in the de- 
mand, which were such that at times the maintenance 
of the supply to meet requirements developed into an 
abstruse problem. A balancing reservoir was required 
near the center of distribution to minimize the great 
differences between supply and demand. As a rule 
this requisition can be met by providing a reservoir 
on some suitable eminence into which the water is 
pumped and permitted to gravitate into the supply 
mairs, the elevation securing the necessary pressure. 


At Calcutta, however, there is not a hill within a 
hundred miles, and consequently, to meet this condi- 
tion, an artificial eminence became imperative. The 
Chief Engineer to the Corporation of the city, Mr. 
W. B. MacCabe, as a result of elaborate investigations, 
decided that the end could be met most efficiently and 
economical’y by the erection of an elevated steel tank, 
and he prepared a carefully thought-out scheme on 
this basis. It was criticised severely on all sides, but 
at last, as no feasible alternative was forthcoming, 
it was sanctioned. 

Inasmuch, however, as the erection of such a huge 
tank was impossible in the center of the distribution 
area which it was intended to benefit, finding that this 
would have required the erection of this building in 
the heart of the city, Tallah was selected as the most 
suitable site. The specifications ca led for an elab- 
orate structure of steel, since the volume of 9,000,900 
gallons of water represented a dead weight of some 
40,000 tons. 

Owing to the unique character of the undertaking, 
tenders were invited from constructional engineers 
in all parts of the world, and the competition was very 
keen. The contract was eventually secured by the 
well-known English firm of constructional engineers, 
Messrs. Clayton, Son & Co., Ltd., of Huns et, Leeds, 
to whom we are indebted for the accompanying illus- 
trations and our information regarding the details of 
the undertaking. The contract, however, called only 
for the erection of the steelwork, the foundations being 
carried out by the local organizations. 

The general design of the tank may be gathered 
from the accompanying illustrations. The structure 
is 321 feet square, while the tank is 16 feet deep. 
The roof of the reservoir is 110 feet above the level 
of the ground. he tank is divided into four com- 
partments which can be used independent y, so that 
one or more compartments can be thrown out of 
service either for repairs or for cleaning as required, 
without interfering with the supply which is main- 
tained from the charged compartments. As the weight 
of the steel required for the structure approximated 
8,500 tons, which together with the water brought up 
the total weight to 48,500 tons, it was decided to dis- 
tribute this weight over an area measuring 342 feet 
square (roughly 117,000 square feet), representing, to- 
gether with the ferro-concrete foundations, about 1,344 
pounds per square foot. 

The site comprised a stretch of sand and clay soil, 
broken up with katcha tanks about 13 feet deep. As 
it was useless to excavate for foundations, the latter 
were built from the surface of the ground. The 
katcha tanks were emptied and freed of soft, loose 





-—— 





baa 2 > 


r vr ~~ 5+ 
Bi faa" 











GENERAL VIEW OF THE NINE MILLION 


GALLON TANK FOR THE DRINKING WATER SUPPLY AT CALCUTTA 
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soil. ese tanks were then piled and the spaces filled 
with bord filing, well rammed and consolidated, this 
being ontinued up to ground level, and the surface 


rolled :ard and level by means of a steam roller. 
In ord: to prevent the mass from spreading it was 
inclose. by a protective wall formed of two rows of 
piles, raging from 25 to 30 feet in length, filled with 
eoncre Upon this sub-surface the foundation proper, 
consistiig of a ferroconcrete plinth 30 inches thick, 
was fashioned, the steel work comprising flat steel 
ties an’ rolled steel joints laid in respective layers and 
at righ! angles to one another. 

Upon this base the steelwork was erected. The tank 
is supported upon 17x12-inch broad flanged beams as 
columns, braced together in fours to form trestles 20 
feet square. These columns are 88% feet in height 
and weigh 4% tons apiece. In all there are 289 of 
these columns, and each will support 170 tons. 

On the top of the columns the main girders, made 
of two broad flanged beams measuring 24 by 12 inches, 
are ‘aid side by side from north to south. These pairs 
of beams are installed at intervals of 20 feet center 
to center, and upon these the secondary girders, meas- 
uring 15 by 6 inches, are laid at 26 2/3 inch centers, 
and running east and west. 

The tank itself rests on a bed of teakwood, placed 
upon the secondary girders. These packing pieces, 
measuring 6 inches wide by 4 inches thick, except 
a’ong the outer edges, where the width is increased 
to 12 inches, were soaked in boiling tar for at least 
30 minutes before being placed in position. At those 
places where the columns for supporting the roof came, 





this teak packing was abandoned in favor of four 
lengths of 4x3-inch joists, each 5 feet in length. 

The tank floor consists of lap-jointed %-inch steel 
p'ates. The side walls and partitioning walls within 
the tank are similar, and a thorough system of bracing 
has been adopted to secure stiffness and absolute 
solidity of the structure. In order to meet the pos- 
sible effects of expansion and contraction in the tank 
sides, the constructional engineers introduced a form of 
expansion joint which has proved highly efficient. 

The roof is supported on columns continuing the 
line of the main columns supporting the tank, and 
these carry the tees on which the tiles forming the 
roof are laid. The roof projects 12 inches beyond the 
wall of the tank on all sides, and the underside of 
the overhang is filled in with plates or with %-inch 
brass wire gauze to prevent birds, insects, etc., gaining 
access to the tank. The roof is so fashioned as to 
secure absolute water-tightness, and, together with the 
walls of the tank, is painted white for coolness, the 
rest of the structure being painted black. 

In order to carry out the work, the constructional 
engineers established a workshop in Calcutta, where a 
comprehensive drilling plant was installed. The work 
was carried out extensively by local Hindoo labor 
under the supervision of English engineers, and the 
labor proved so satisfactory that the undertaking was 
completed several months before the expiration of the 
contract time. 

The tank itself is provided with a narrow platform 
extending around the whole of the structure, access 
to which is secured by means of staircases from the 
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ground level. The tank itself is entered from the 
roof, while manholes provide means of communication 
between the four compartments. 

As the tank is to serve merely as a ba ancer, only 
one pipe is required to connect the pumping plant 
with the tank, and the tank with the distributing 
mains of the city. When the demands of the latter 
rise to the maximum, which is in excess of the ca- 
pacity of the pumping machinery, the flow from the 
tank makes up for the former’s deficiency, while when 
the demand falls below the output of the pumps, the 
excess of the latter serves to discharge the balance 
of water into the tank. The single communicating 
main between the tank and the city service maine is 
a steel pipe 5 feet in diameter, and the four sections 
of the tank are connected to this main by means of 
@ penstock well, where there are eight penstocks con- 
trolled by handwhees from the roof of the tank, so 
that any compartment can be closed and opened as 
desired. Each compartment has an overflow pipe 18 
inches in diameter which allows the water to over- 
flow when the depth of water reaches 15 feet 2% 
inches. 

Complete watertightness was an emphatic condition 
of the contract, and after the tank had been completed 
and calked it was filled to overflowing. The test 
proved successful, and the tank is now in operation. 
The provision of this balancing supply will be great'y 
appreciated by the city, especially during the hot sea- 
son, as it will serve to obviate the shortage of water 
during this period, which hitherto has been such a 
troublesome factor. 


Oil-driven Boats for Canadian Lakes and Canals 


The Diesel Engine on Water 


By the Paris Correspondent of the Scientific American 




















THE “TOILER.”—DIESEL ENGINE BOAT FOR SERVICE ON THE CANADIAN LAKES AND CANALS 


ALTHOUGH during the past few months consider- 
able discussion has prevailed concerning the utility 
of the Diesel oil engine as a prime mover for driving 
vessels, its use hitherto has been restricted mostly to 
small craft. The number of sea-going vessels fitted 
with this system of propulsion is very small. The 
largest craft of this type recently completed its trial 
trip from the River Tyne to Calais and back. 

This vessel, the “Toiler,” has been designed and 
constructed by the wel.-known North of England ship- 
building company, Messrs. Swan, Hunter & Wigham 
Richardson, Ltd., at their Tyne shipyards. Some 
twelve months ago this firm investigated closely the 
Suitabi ity of various types of engines, both oil, gas 
electric, ete., for a vessel designed for special service 
on the lakes and canals of Canada. As a result of 
their experiments it was decided to equip this craft 
with two sets of Diesel engines. Owing to the speed 


on the Canadian canals being limited, engines of rela- 
tively low power were sufficient to meet the require- 
ments. 

As may be seen from the accompanying illustration 
the “Toiler” follows the designs of the typical freighter 
plying on the Great Lakes. She is a twin screw 
vessel measuring 248 feet in length between perpen- 
diculars by 42% feet beam and 19 feet molded depth. 
The Diesel engines are of the two cyc’e reversible 
type having a combined energy of 360 brake horse- 


power which is equivalent to about 400 indicated 





horse-power at about 250 revolutions per minute. The 
motors were built by the Diesel Motor Company at 
their Stockholm works and fitted on board by the 
builders. 

On the maiden voyage to Calais the “Toiler” was 
loaded with 2,650 tons deadweight of coal cargo, and 
about 40 tons of oil fuel, together with fresh water, 
stores, etc., making a total deadweight of nearly 2,700 
tons on a mean draft of 14 feet. The vessel left the 
Tyne in very rough weather, notwithstanding which 
the engines worked with striking smoothness and 
satisfaction, completing the voyage to Calais at a 
speed of 5.9 knots or 6.75 miles per hour. On her re- 
turn journey, the boat being light in ballast, the 
average speed was 8.2 or 9.5 miles per hour. The oil 
fuel consumption for the round voyage, including 
auxiliary compressor, was 6% tons, or say from 1.65 
to 1.75 tons per day. 

According to the bui'ders, to whom we are indebted 
for these particulars and illustration, the “Toiler” is 
more economical than a steam-driven boat. She has 
a greater deadweight capacity owing to the fact that 
the Diesel engines are much lighter than steam en- 
gines and boilers, weighing in fact about 60 tons. The 
cubic capacity for cargo is also greater, as the boiler 
space is saved, while the oil fuel can be carried in the 
doub’e bottom in place of water ballast, thus saving 
bunker space. 

The consumption of oil is much less than the con- 


sumption of coal for steam engines. In the “Toiler” 
the consumption at full speed does not exceed 1.75 
tons per day of fuel oil of 18,000 British thermal 
units calorific value, whereas with steam engines of 
equal power the coal consumption would not be less 
than 8 tons per day. The actual difference in cost 
depends, of course, upon the relative prices of coal 
and oil in the district where the vessel may be trading. 

Not only is the economy of this vessel shown in 
the increased deadweight of cargo carried, the in- 
creased cubic capacity, and the low fuel consumption, 
but the staff on board to attend to the Diesel engines 
is less than the staff required for steam engines and 
boilers, the engine room staff being about the same, 
while firemen are not required. 

The deck machinery and engine room accessories of 
the “Toiler” are driven by compressed air, furnished 
by a compressor driven by a separate small Diesel en- 
gine. Electricity for lighting is generated by a small 
paraffine engine. The accommodation is heated by 
hot water, the heat being obtained either from the 
exhaust gases of the main engine, or by means of a 
coal fire. There is thus no steam on board the boat 
at all. This shipbuilding firm have undertaken the 
construction of Diesel oil engines for marine pur- 
poses at their own works, having decided to make a 
specialty of this type of craft, and at present have a 
set of four cylinder two cycle engines in hand for 
another vessel. 
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Gambling at Monte Carlo 


“Systems” and Why They Fail 


Monte Carto, the European Mecca, annually attracts 
many thousands of pilgrims impelled by the vain hope 
of gaining wealth without labor. That their contest 
with the bank is absolutely hopeless will appear from 
the following description of the two principal games— 
roulette and trente et quarante. Roulette is played 
on a large table, in the center of which is a wheel 
which can be rotated about a horizontal axis. The 
wheel is divided into 37 sectors, colored alternately 
red and black, and its circumference contains 37 com- 
partments bearing the numbers from 0 to 36 (Fig. 1). 
In addition to the zero, therefore, there are 18 red 
numbers (rouge), 18 black (noir), 18 even (pair), 
18 uneven (impair), 18 low (manque, Nos. 1 to 18) 
and 18 high (passe, Nos. 19 to 36). 

The wheel is set in rapid rotation by a croupier, 
and at the same time a smal! ivory ball is started 
revolving about it in the opposite direction. The 
ball ultimately lodges in one of the 37 numbered 
pockets, and thus determines the winning number, 
color, etc. The table (Fig. 2) is marked with 37 
numbered compartments corresponding to those of the 
roulette and arranged in three columns. Upon one 
side of these columns are three large fields for the 
placing of bets on the chances rouge, noir, pair, im- 
pair, passe and manque. Below the columns of num 
bered spaces are three blank spaces for the placing of 
bets on entire columns, and these are flanked on each 
side by small spaces marked P/12, M/12 and D/12, 
meaning premiére douzaine, milieu douzaine, derniére 
douzaine, i. e., first dozen (1-12), middle dozen (13-24), 
last dozen (25-36), for the placing of bets on these 
dozens. 

There are a great many ways of betting at roulette 





Fic, 1—ROULETTE WHEEL 


The smallest stake allowed is 5 francs, the highest is 
a sum that may cause the bank to lose about 6,000 
francs. A bet is made on a single number by placing 
the money on the numbered field (a, Fig. 2), and on 
two adjacent numbers by placing the money on the 
line between them b. The three numbers of a trans- 
verse row, or transversal, are played as shown at 
the four contiguous numbers of a square as at d., 
the six numbers of a double transversal as at e. If 
the player wins, he receives thirty-six times his 
stake (including the latter) if he has played a single 
number, eighteen times his stake for a double number, 
twelve times for a transversal, nine times for a square, 
six times for a double transversal, three times for a 
dozen or a column. All of these are called multiple 
chances because the winning player receives a mul- 
tiple of his stake. There are also simple chances: 
viz., rouge, noir, pair, impair, passe and manque, in 
each of which eighteen numbers are played and the 
winner gains an amount equal to his stake, in addi- 
tion to the latter. If it were not for the existence 
of the zero, the chance of winning in any of these 
cases would be exactly inversely proportional to the 
amount won. If the ball falls into the compartment 
marked 0, all players who have chosen zero or any 
multiple chance containing zero, win, but all stakes 
placed upon other multiple chances are lost, and so 
are half the stakes placed on simple chances 

Trente et quarante is played with six full packs 
of cards, and a large table marked as shown in Fig. 3. 
Each honor counts ten, the ace one, and other cards 
according to the number of their spots. The six packs 
of cards are thoroughly shuffled together and the bets 
are made. The crouper then lays down card after 
card, face upward, until the sum of the points is 
more than thirty and not more than forty. There is 
no room for choice in this, as when thirty points are 
on the table, at least one other card must be turned, 
but if the number of points is thirty-one or more, the 
dealing stops, because the next card, if a ten or an 
honor, might cause the total to exceed forty. A second 


row of cards is laid down in the same manner beneath 
the first. The upper row counts for noir (black), the 
lower for rouge (red), and the row which contains 
the smaller number of points wins. There are four 
simple chances—rouge, noir, couleur, and inverse—the 
bets on which are laid respectively on the fields 
marked with the letters R, N, C, J, in Fig. 3. Couleur 
wins when the first card of the first row has the 
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Fie. 2—ROULETTE TABLE 


nominal color of the winning row; in the opposite 
case, inverse wins. For example, if the lower row 
(rouge) contains the smaller number of points, and 
therefore wins, and the first card of the first row is 
a heart or a diamond, couleur also wins (Fig. 4). 
Couleur wins likewise when the first card of the first 
row is a club or a spade and the first row (noir) has 
the smaller number of points. Inverse wins when the 
first row (noir) begins with a black card and loses, 
or begins with a red card and wins. The croupier, 
however, never uses the words “noir” and “inverse.” 
If these chances win he says “Rouge perd,” or “Cou- 
leur perd.” When each row has the same number of 
points the game ends in a tie, and the stakes can 
either be withdrawn or allowed to remain, except in 
the case called “refait,” when each row numbers 
thirty-one points. This case corresponds exactly to 
the zero of roulette, and as there are only simple 
chances in trente et quarante, half the stakes are for- 
feited. The minimum stake is twenty francs and the 
maximum 12,000 francs. 

Although many lucky gamblers win large sums at 
Monte Carlo, it is impossible to win regularly for 
a long period because the bank possesses enormous 
advantages. In the first place, it is a passionless 
machine, which operates smoothly and uniformly, with- 
out reference to momentary results, while the player 
is a man of nerves who, in the excitement of play, 
is almost certain to make rash bets which will quickly 
swallow up his slowly accumulated winnings. The 
so-called system of playing would protect a player to 
some extent, but there are very few players who 
adhere to their systems in moments of excitement. 

Other advantages possessed by the bank are its 
enormous capital, and the limit of betting, which pre- 





























Fie. 3——TRENTE ET QUARANTE TABLE 


vents very wealthy gamblers from enjoying the cor- 
responding advantage. The great income of the bank, 
however, is due chiefly to the devices of zero and 
refait, the importance of which is usually under- 
estimated, although it can be calculated very simply. 
In the course of a long period of play, zero, like any 
other number in roulette, will appear on an average 
once in thirty-seven times, i. e., in 2.7 per cent of all 
cases, hence in the long run 2.7 per cent of all sums 
staked on multiple chances and half this proportion, 
or 1.35 per cent of sums staked on simple chances, are 
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won by the bank. In trente et quarante, the bank’s 
profit from refait 1s slightly less, amounting to about 
1.28 per cent of the stakes. 

The last and most effective safeguard of the bank 
is the “ecart,” by which is meant the deviation from 
the average result as deduced from the theory of prob. 
abilities. This discrepancy is sometimes very large, 
and continues for months, long enough to annihilate 
the individual gambler even in the absence of zero 
and refait. In any game the gambler must always 
reckon with the possibility of the practical failure of 
the laws of probability in concrete cases. For example, 
series of ten to fifteen repetitions of rouge, pair, 
manque and other simple chances occur several times 
daily, although their probabilities are respectively 
1/1024 and 1/32768. Much longer series are not very 
uncommon. The longest yet observed was 28 noir, 
the probability of which is about 1/268,000,000. Even 
after such a series, noir is as likely as rouge to appear 
at the next play. 

As a gambler who is guided solely by the impulse 
of the moment cannot win in the long run, all players 
who follow the game as a business rather than a 
pastime make use of certain systems, which prescribe 
the amounts of bets, the selection of chances, the 
duration of play, etc. A system strictly followed pro- 
tects the player to a certain extent by making him a 
machine like the bank. In this sense, the oft-quoted 
saying, “A poor system is better than none,” is true; 
but in this sense alone, for this advantage is over- 
balanced by several disadvantages. Many systems are 
so complicated and require so much calculation and 
mental strain that the player is soon exhausted. The 
principal disadvantage, however, is the awakening of 

















Fic. 4—A DEAL AT TRENTE ET QUARANTE, IN 
WHICH “ROUGE” AND “COULEUR” WIN 


a fallacious hope of a sure success in the long run, 
so that the player is induced to continue until he is 
ruined. All “professors”—that is, inventors or pro- 
moters of systems, fall into three classes: swindlers, 
fools and muddleheads. 

The swindling systems deserve few words. Asser- 
tions that hypnotized mediums or other persons can 
predict the occurrence of certain numbers, or can in 
fluence the roulette ball by the power of will, require 
no refutation. More dangerous than these crude swin- 
dlers are the systems which are believed in by their 
inventors and which at first glance appear to possess 
some merit. In reality, all are based upon fallacies, 
the detection of which in some instances requires care- 
ful analysis. Every system contains either a definite 
“marche” or a definite “progression,” or both. By 
marche is meant the rule which decides where and 
when a stake shall be placed. Let us consider a pure 
marche system in which the stake is always the same. 
For the chances rouge and noir the following cases 
are possible: Either one of these colors may be played 
continuously, or at intervals determined by the sys- 
tem, or each may be played, in regular or irregular 
succession. If the rouge is played continuously, the 
player can win only if rouge appears oftener than 
noir. In a long course of play it may be expected 
(disregarding zero and refait) the winnings and 
losings will balance, as the appearance of rouge and 
that of noir are equally probable. In single cases and 
short periods, however, an unlucky gambler may lose 
more than he wins. It frequently happens that one 
color preponderates over the other during a whole 
day. And even if the player wins in the course of 
a short period his prospect of net gain decreases the 
longer he plays, leaving him only the consoling hope 
of not losing more than the percentage determined by 
zero and refait. When a chance, for example, rouge, 
is thus played continuously, the occurrence of an UD- 
favorable series (noir) will cause a number of suc- 
eessive losses. As a protection against such adverse 
series, many systems prescribe the playing of the 
selected chance not continuously, but at intervals. For 
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example, after three successive losses caused by an 
adverse scries of noir, the playing of rouge is discon- 
tinued and is not resumed until rouge has appeared. 
it is evident that in this way adverse series of four 
or more ‘urns are avoided, but the chance of winning 
py the appearance of rouge before play is resumed 
is lost. With an adverse series of four, therefore, 
one loss and one gain are avoided, so that the net 
advantage is zero. With an adverse series of five, two 
losses and one gain are evaded, so that there is a net 
gain of one stake. Similar in adverse series of six and 
geven, t application of the system produces a net 
gain of two and three stakes. On the other hand, 
with an adverse series of three, there is a net loss of 
one stake. because rouge is not played at the next turn 
when it would have won. As series of three are much 
commoner than series of five or more, the player loses 
more by this system than he would by playing one 
chance continuously. This is true of all methods in 
which play is interrupted at a prescribed point of an 
adverse series. That such methods occasionally suc- 


ceed is obvious, but the success is due to chance and 
not to the method. 

In the attempt to counterbalance the losses caused 
by zero and refait, most systems make use of the 
device called “progression,” or “massage’’—i. e., a sys- 
tematic increase and decrease of the stakes, according 
to conditions. The best known and the most seductive 
of all progressions is the martingale, in which one 
5-frane piece (the unit of play) is staked until a loss 
occurs, and the stake is doubled after each loss. If 
the player wins, his net gain is one piece. For example, 
if he has lost the four first plays, his losses amount 
to 1+2+4+4+8=—15 pieces. If he then wins, his 
gain is 16 pieces, so that his net gain is one piece. 
Even a very wealthy man cannot play a martingale 
beyond eleven turns at roulette or ten at trent et 
quarante, owing to the limitation imposed by the bank. 
As a series of eleven and more occur daily, the folly 
of the martingale is obvious. Still more unfavorable 
for the player is the so-called American progression, 
in which the stake is progressively increased in such 
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a manner that one winning not only repays preceding 
losses, but gives a net gain of one piece for each play. 
The progression is therefore 1-3-7-31, etc. This can 
be played for only ten turns at roulette or nine at 
trente et quarante. 

The employment of all such progressions means 
certain ruin. In many cases the player may win, 
owing to the non-occurrence of adverse series of nine 
or more, but one such series will at least wipe out 
all preceding winnings. If the progression is a rapid 
one the player will win comparatively often and lose 
a great deal in case of disaster; if it is a slow one, 
he will win less often and a smaller sum, and his 
losses will also increase less rapidly. In the long run 
progressions offer no advantage over playing with un- 
changed stakes. 

A fuller analysis of these systems is given in G. 
Walter’s recently published (German) book, “Rules 
and Systems of Play at Monte Carlo,” the author of 
which contributes to Ueber Land und Meer, the article 
from which this account is translated. 


What Constitutes Superiority in an Airship 


Tue question has been much discussed as to what 
type has the most noteworthy qualities among the 
numerous devices which are to-day carrying men 
through the air. Some are partisans of the aeroplane, 
others of the dirigible, and these two camps are 
always in rivalry, sometimes in open enmity, so that 
unanimity is far from prevailing. 

In aviation there are monoplane and biplane en- 
thusiasts, those who prefer aeroplanes without a tail, 
such as the Wrights’ machines,’ or with a tail, like 
all the others. In aerostation, or ballooning, some 
contend for the flexible type like the “Ville de Paris,” 
others for the semi-rigid type like the “Republique,” 
and lastly, others who vaunt the merits of the rigid 
type, like the “Zeppelin.” 

How can anyone know where to stand in the face 
of all these opinions? From a technical point of 
view, excellent arguments can be found in favor of 
each of the present types of air-ships as well as for 
those which may be later devised; specialists can 
discuss these questions indefinitely. Although as far as 
I am concerned I have a well-established opinion on 
this point, it is not from the theoretical standpoint 
that I wish to express myself to-day, but without wish- 
ing to pass judgment it seems to me worth while to at 
least indicate the considerations on which such a 
judgment should be based. In a word, I should like 
to determine here what from a practical point of 
view are the qualities which can be demanded in an 
airship and from among these qualities to choose 
those which are of the greatest importance and which 
as a consequence should preferably serve as a cri- 
terion in passing judgment on a structure of a new 
kind. 

According to the point of view very different sorts 
of performances if I may use such an expression, may 
be expected of an air ship. You may, for example, 
wish to rise as high as possible in the air, and the 
capacity for upward ascension in such a case is 
evidently a quality to be considered. It is not enough 
merely to rise, however, but it is also necessary to 
Stay there. The period during which the air-ship 
shall remain suspended in the air without touching 
the ground, therefore, is also one of the elements of 
interest in the question. 

Another phase of the question is that any engine 
of locomotion must be able to cover distances; the 
distance which separates the point of departure from 
the finishing point is therefore one of the essential 
characteristics of a voyage. In fact one might be 
tempted to say that the best air-ship is the one that 
can travel the greatest distamce in a single flight 
before touching the earth. 

‘Finally, it is not only necessary that a certain 
Siven distance shall be covered, but it must take the 
— possible time to accomplish it. In other 

» Speed is the most highly valued quality at the 
Present day. In all types of locomotion, whether by 
a ee railroad trains, steamboat, or 
— a seems that the principal aim is speed, 

YS Speed, and still more speed. This search for 


> sha in means of transportation is one of the 
d aracteristies of our epoch; and it is not to be won- 
eh for although all space is open to us, still 
— ‘Ss parsimoniously dealt out to us, and the 
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best way we can use it is to carefully economize it 
by the use of the powerful mechanical means at our 
disposal. 

Aerial navigation does not escape from this general 
law of locomotion. Speed is therefore one of the im- 
portant elements in the measurement of the value of 
an air-ship. But a distinction must here be made, 
for there are two kinds of speeds to be considered, 
termed absolute speed, and individual speed. The ab- 
solute or effective speed is the one commonly con- 
sidered. It is the speed measured with regard to the 
ground over which the air-ship is passing. If a 
dirigible starts from Paris at 8 in the morning and 
at 11 o’clock is above Auxerre, the distance between 
the two cities being 150 kilometers as the crow flies, 
we would say that its absolute velocity had been on 
the average 50 kilometers an hour. This absolute 
speed is the one of practical interest. It is the plain 
fact, all modifying circumstances being removed from 
the calculation. 

From the point of view of merit in a device, how- 
ever, it is precisely these modifying circumstances 
that should be considered. The effective velocity re- 
sults from the combination of two other velocities, 
namely, the individual velocity of the vehicle, which 
will be defined shortly, and the velocity of the wind. 

Everyone knows what the velocity of the wind 
means. As for the individual velocity of an air-ship, 
its definition is very simple; it is the velocity which 
the air-ship could attain if there were no wind, or, 
again, it is the velocity in calm air, or finally, its 
velocity in comparison with the ambient air, con- 
sidering this to be at rest. 

Of these two elements, the combination of which 
determines the absolute velocity, one, the individual 
velocity, depends on the construction of the air-ship; 
and the efforts of all aeronautic engineers are directed 
toward giving this as great a value as possible; the 
other element the velocity of the wind, is entirely 
beyond us and we must submit to it, whatever it is. 
But according to direction and velocity of the wind, it 
is necessary to have very different individual velocities 
to obtain a determined effective velocity. 

If for example, on the day when our dirigible trav- 
eled from Paris to Auxerre in three hours, the wind 
had blown exactly in the desired direction with a 
velocity of 50 kilometers an hour, the wind alone 
would have been sufficient to accomplish the voyage 
in the time given without any intervention of the 
individual velocity. The aeronaut could have stopped 
his motor and thus would have made the journey at 
little cost. The effective speed would be the same as 
the velocity of the wind, the individual speed zero; 
the wind would have done all and the machine noth- 
ing. 

If the wind, however, although blowing in the proper 
direction from Paris to Auxerre, had had a velocity of 
only 30 kilometers an hour the aeronaut, if he were 
contented with allowing himself to be carried by the 
wind, would have taken five hours to make the journey 
instead of three. To attain the previous speed of 50 
kilometers per hour he would have to add to the 
velocity of the wind the 20 kilometers lacking, and 
this difference would be nothing else but his individual 
speed. In such a case we should say that the velocity 
of the wind had been 30 kilometers an hour, the in- 
dividual velocity 20, and the effective or absolute 
velocity 50 kilometers per hour. Instead of doing all 
the work as before, the wind had only done the 
greater part and the motor the rest. 





If the velocity of the wind had been but 10 kilo- 
meters, the motor this time would have had to add 
not 20 kilometers but 40. In this case the motor would 
have deserved the principal credit for the voyage, 
and the wind would have furnished only a slight sup- 
plementary velocity. 

Let us suppose now that the air is absolutely calm, 
that is, the velocity of the wind is zero. The motor 
alone can be counted on here, and it is due to it that 
the speed of 50 kilometers an hour is attained. The 
effective velocity will be equal to the individual vel- 
ocity, and the motor will have done all and the wind 
nothing. 

Finally, if the wind, with a velocity of 20 kilo- 
meters an hour is blowing not in such a direction as 
to be astern from Paris to Auxerre, but in the opposite 
direction the motor will be required to furnish an 
individual speed of 80 kilometers an hour. The 
first 30 are used up merely in compensating 
for the unfavorable effects of the wind, the 
other 50 alone being effective. This time the 
motor has not only done everything, as in calm 
air, but it has done more, for in addition to the abso- 
lute velocity it has had to furnish a surplus of in- 
dividual velocity to counterbalance the hindering ef- 
fect of the wind. 

In a word, in order to attain the same practical 
result as before, that is, an absolute velocity of 50 
kilometers an hour, the motor should be capable of 
giving to the air-ship an individual velocity of 0, 20, 
40, 50, or 80 kilometers an hour. 

We have considered here only the simplest case— 
when the wind blows in the direction of the place to 
be reached or in exactly the opposite direction. This 
is almost never the case in practice, so that it becomes 
necessary in each case to determine what the individ- 
ual velocity must be to attain a certain absolute speed. 
The problem is now a little more complicated, but the 
conclusions are the same, and the individual velocity 
is necessarily sometimes less, sometimes more, than 
the absolute velocity, and at times the two may even 
be equal. To sum up, all that may be said is that the 
wind can be either a help or a hindrance to the 
progress of air-ships, and in exceptional cases neither 
obstructs nor is favorable to their evolutions. 

By those with a different point of view, it may 
finally be asked if there is not opportunity to measure 
the value of an airship by the amount of useful 
weight carried, in personnel or in material. The 
power of transporting is certainly one of the qualities 
sought for in certain vehicles. 

All the qualities which we have passed in review— 
altitude, duration of voyage, distance covered, velocity, 
power of transportation—have the common character- 
istic that they may be measured exactly, their value 
can be expressed in precise figures, and thus they 
furnish a fixed mathematical standard of comparison 
between different types of air machines, for they are 
based on rigorous observations, and questions of senti- 
ment have not intervened. For instance, if the altitude 
attained should be taken as the criterion of the value 
of a dirigible, the one that has ascended to a height 
of 1,500 meters is incontestibly superior to one that 
has only attained a height of 1,200 meters. Ifitisa 
matter of distance covered, the one which in a single 
flight has traveled 800 kilometers is superior to one 
which has only covered 600. That much is perfectly 
clear. 

There are other qualities, however, less exact in their 
nature, which nevertheless are not negligible, such as 
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security, comfort, and pleasure of voyages. 

I do not care to enter into a detailed examination of 
these phases of the subject, partly because they can 
not be exactly valued, and further because they are 
readily attained by devices of secondary importance. 
Thus by the use of flexible cushions and backs with 
head resta the traveler's comfort is easily increased. 
These are questions to be referred to the skill of an 
uphoisterer and not to an engineer. 

There is, however, one property that is highly im- 
portant for safety and comfort in a voyage—the sta 
bility of the vehicle. This stability is obtained by 
mechanism of a technical nature; it is often very 
difficult to obtain and therefore should be considered 
in connection with the more exact qualities first dis 
cussed. In a given vehicle, stability can be inter- 
preted in several ways. The center of gravity of the 
apparatus can describe a very regular trajectory, but 
the vehicle may nevertheless be exceedingly unstable; 
it may go through oscillatory movements which are 
highly uncomfortable and occasionally dangerous. 
These movements have been given different names 
according to the direction they follow. When they 
are in a horizontal plane they are said to be zigzag 
If it is a question of vertical 
in a longitudinal 
a traverse 


movements or yawing. 
movement, it may be of two sorts 
direction it is called pitching, and if in 
direction it is rolling. 

Although displacements of this kind do not affect 
the trajectory of the center of gravity, and conse 
quently can not prevent the vehicle from following its 
course, they are none the less disagreeable, especially 
if several of them are combined. Stability of direc- 
tion, longitudinal stability, and transverse stabilty 
which will enable us to avoid, respectively, yawing, 
pitching, and rolling, are therefore qualities highly 
desirable. 

There is a fourth sort of stability that is a special 
quality of airships. This ig:gstabtlity of altitude. 
Land vehicles are forced to keep to the level of the 
ground on which they rest. Aquatic carriers float on 
the surface of the water; airships, on the contrary, 
and with them must be classed submarines, are sub- 
merged in a fluid and can ascend and descend through 
the gaseous or liquid mass. When the air-ship re- 
mains at the altitude chosen by the pilot, or when it 
mounts or descends at his will, it is said to have 
stability of altitude. It does not have this quality 
when its vertical movements are involuntary and be 
yond the contro! of the aeronant. 


Il. 


We have thus completed the enumeration of the 
qualities which af air-ship may possess. The question 
is not to choose from among them those most im- 
portant in determining the value of the conveyance 
But before making this choice it is indispensable to 
khow from what point of view it is to be made. One 
may inquire as to which of these qualities is the most 
difficult to obtain. If the technical standing of engi 
neers were to be determined that would be the course 


to pursue, 


and we would proclaim the superiority of 
the constructor who had endowed his machine with 
the qualities which are the hardest to attain. But i 
is not a question of awarding prizes to engineers. 
We want to know what air-ships have the greatest 


practical advantages. In making our choice of qua! 
ities we shall not demand, therefore, those most diffi 
cult of attainment, but those most desirable in them- 
selves. We can afterward inquire if the most desira 
ble qualities are more or less difficult to realize; this 
will be merely an accessory matter 

We are therefore called upon to pass judgment upon 


the practical advantages in types of air-ships. The 
first consideration is not to lose sight of the condi 
tions under which by definition itself an air-ship 

operated, conditions different from those which a 


boat or a railway train meets; no one can justly make 
an estimate of such dissimilar devices without recog 
nizing the fundamental conditiors of their utilization: 
that is, the nature of the supporting medium in which 
they the earth, water, or air 

Locomotion on land brings into touch all the habit 
able places on the earth except those separated from 
one another by expanses of water impossible to bridge. 
But with this advantage there is still an element of 
great disadvantage. To attain on land perfect condi- 
tions for speed and carrying power, it has not been 
enough merely to train animals or create powerful 
and ingenious machines. These achievements would 
not have counted for much unless the route had been 
prepared by the construction of roadways, involving 
an enormous amount of labor and money. Without 
highways and railways, automobiles and locomotives 
would be powerless. This is so true at the present 
day that the importance and the perfection of the ways 
of communication are considered the principal cri- 
teria of material civilization, and where these means 
are lacking we are no further advanced than were 
those of the days of Joshua. 
A water’transportation line, and herein lies its in- 
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feriority, only admits of the joining together of a 
very limited number of places, those along the shores 
of seas or along navigable streams. There is, how- 
ever, the enormous advantage of not requiring a pre- 
liminary preparation of roadways. To travel by water, 
with all the perfection possible to obtain, it is only 
necessary to have good ships. The sea has at a’l 
times been the chief means of communication between 
the various countries of the globe; all the ocean 
shores have been fairly well known for a long period, 
while there have remained immense tracts of country 
unexplored in the interior of the continents. If, to ven- 
ture an hypothesis, there existed in the center of 
Africa, or in the midst of the deserts of Asia, an un- 
known but populous city, the center of a flourishing 
civilization, the explorers who had discovered it could 
tell of its marvels on their return, but this newly 
discovered city would still remam apart from general 
civilization simply because it was not connected with 
other countries by perfected ways of communication. 
If, on the contrary, there should be discovered in the 









































\ Aviator, equipped with the apparatus. B._-The two 
parachutes opened. C. D. E.—Three phases in the fall of 
a monoplane F.—-Aviator escaping from a falling bi- 
plane, having a divided upper plane. 


A LIFE PRESERVER FOR AVIATORS. 


solitudes of the Pacific an islet, in itself of little im- 
portance, it could be brought into direct communica- 
tion with New York, Marseilles, and Sidney, anc enter 
immediately into the circle of mundane affairs. 

Aerial navigation combines the advantages of its 
older sisters and is free from their inconveniences. 
It can connect Paris and Rio de Janeiro as wel’ as 
Madrid and St. Petersburg. It no more requires the 
preliminary construction of roads of communication 
than does maritime transportation. It creates dire:t 
bonds of communication without intermediary agen 
cies, and to utilize it, it is only necessary to have 
appropriate vehicles. Thanks to this means, all points 
on the globe may enjoy the privilege which has hith- 
erto been reserved to the shores of the sea, and in a 
few years the atmosphere will certainly be the great 
nedium for bringing people together just as the ocean 
has been for a long time in its more limited and less 
perfect fashion. 


Recent Turbine Efficiencies 

E. D. Dreyrus read a paper lately before the 
Engineers’ Society of Pennsylvania on recent turbine 
efficiencies. He stated that, while 1,800 r.p.m. used 
to be the limit of rotative speed for turbo-generators of 
more than 500 kw., improvement in the electrical 
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portion of the equipment now makes it ): 
operate turbines of 2,500 kw. at 3,600 r.pm., nq 
expected that soon turbines of 4,000 kw. 
driven at that speed. The symmetrical for; 
Westinghouse double-flow turbine, greatly a 
carrying out these improvements, and along 
proved construction an economy of 3 to 5 por 
has resulted, in both large and small sizes 
altered distribution of steam and tempe: r 
better blade lengths. One of the Westingh 
double-flow turbines of 10,000 kw. capacity, ‘stay 
at the City Electric Co., San Francisco, has deve} 
1 kw.-hour with 13.88 lbs. steam of 175 Ibs. preg 
80 to 90 deg. F. superheat and 28 in. vacuum 
best result previously got from a reciprocating ep 
under those conditions was about 17 lbs. steam 
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A Life Preserver for Aviators 

Prrio has invented a life-saving apparatus for 
tors, which is described and illustrated in a ree 
issue of L’Aérophile. The apparatus comprises a 
parachute, which is folded and inclosed in a 1} 
ease attached to the back of the aviator, and a sm 
parachute, attached to the aviator’s helmet, and folé 
in such a manner that it will open automatically 
case of fall. The cord of the small parachute 
fastened to the top of the large one, which is d 
out of its case by the traction of the cord, and th 
automatically unfolds and carries the aviator slo 
and safely to earth, free from the swiftly falling ae 
plane, as the illustrations show. 

The large parachute is made of very thin silk, 
has a diameter of 33 feet, and an effective area 
770 square feet. It has 30 gores, and as many c¢ 
verging cords, 33 feet long, attached at their juncti 
by a stouter cord to the aviator’s body. The fold 
parachute is packed in a case measuring 12x12 
inches, which weighs, with its contents and at 
ments, only 13 pounds. Two auxiliary parachu 
31/3 and 16% feet in diameter, are provided. Wh 
the apparatus is used with a biplane, the upper pl 
must be divided, to allow the aviator to escape. 








Germs at Different Air Elevations 
Ar a recent meeting of the French. Agricultural 
ciety, M. G. Bonnier gave an account of his exp 
ments relating to germs of various kinds which a 
found in the air, either fungus speres or bacte 
These are contained in the air in varying amour 
according to the height of the air or the locality. 
finds that the number and the nature of these gern 
vary remarkably with the different places from whiclf 
they are taken. A special apparatus was designe 
for collecting and observing the germs. He verifie 
he exactness of the already formed conclusion as 
the decrease in the number of germs as we proceed 
higher in the air. It was also affirmed that there weré@ 
numerous fungus spores to be found even at gre 
heights in the atmosphere, and M. Bonnier’s results 
agree with this, as he also found many of them. Th 
point is an interesting one as it concerns the fermen 
tations which are now recognized to play so impor 
tant a part in agriculture. 


Evaporation of Wine 
In experiments on evaporation of wine carried out 
at the Auxerre laboratory in France, the wine wa 
exposed to the air in a flat dish in a one-inch layer. 
The results after three days, compared with the com- 
position at the start, are given. The amount of ak 
cohol was at first 8.05 per cent, and it fell to 1.75 pe 
cent after three days. As to the acidity, this was 
slightly increased, or 5.18 compared to 4.39. The dry 
extract from the wine rose from 17.4 to 20.3 per cent. 
By evaporating, the alcohol almost all disappears and” 
the other elements are concentrated. The wine ex- 
posed in this way loses its alcohol by evaporation be 
fore any of the germs commence to act upon it. 
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